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Editor 
Ray Osterwald, NODMS 


Editor Emeritus 
Barry R. Wiseman, N6CSW 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 1989 
by Barry Wiseman (N6CSW), the magazine continues publication 
for those who appreciate the value of operating vintage equipment 
and the rich history of radio. It is hoped that the magazine will 
provide inspiration and encouragement to collectors, restorers 
and builders. It is dedicated to the generations of radio amateurs, 
experimenters, and engineers who have preceded us, without 
whom many features of life, now taken for granted, would not be 
possible. 

We depend on our readers to supply material and photos for 
ER. Our primary interest is in articles that pertain to vintage 
equipment and operating with a primary emphasis on AM, but 
articles on CW, SSB, and shortwave listening are also needed. 
Photos of hams in their radio shacks are always appreciated. We 
invite those interested in writing for ER to write, email, or call. 


Regular contributors include: | 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Chuck Teeters 
(W4MEW), Mike Murphy (WU2D), Jim Hanlon (W8KGI), Gary 
Halverson (K6GLH), David Kuraner (K2DK), Larry Will (W3LW), Dave 
Gordon-Smith (G3UUR), Mike Bittner (W6MAB), D.S. “Jeep” Platt 
(K3HVG), Jeff Covelli (WA8SAJ), Joe Long (WA2EJT), Jim Riff (K7SC), — 
George Misic (KE8RN) 


Editor’s Comments 


In this month’s issue of ERI’m hoping the articles 
will make us all forget the bitter winter weather. 
Gary Halverson tells about a rare pre- WWII 
Hammarlund receiver, the Comet. It was in 
production only four months, butitsdevelopment __ 45, 


led directly to later receivers that we remember. 

Phil Legate (AC@OB) is back again this month 
with upgrades for the Knight R-100. Many hams either started out with this receiver, 
or wanted to, and Phil has found some easy upgrades for it that make using it today 
more enjoyable. Then, we havea reprint article from that era, and it gives an insight 
into what it was like to use the R-100A back when it was in production. 

Tom Marcellino (W3BYM) has come up with a way to add an external VFO to 
his homebrew transmitters, and it’s easy to adapt his ideas to any other equipment. 

Mike Katzdorn (KB3LEX) senta very interesting article about the US Army’s 
introduction to Armstrong’s FM equipment, and I’ve added some material from our 
files that describes early FM 2-way radio history and Fred Link’s connection between 
the Army SCR-298 and commercial FM radio equipment. 

Joe Long (WA2EJT) authored part 1 of the FR-149 frequency meter story. I have 
found the background information fascinating, as is the descriptions of the equiment. 
Anyone taking the FCC Ist-Class Radiotelephone exam many years ago will certainly 
remember the difficult wavemeter questions! 


Ken Crosher (K6FC) had a popular article last month about the NCX-5 MKII. 


This month he’s updating that article with some newly found information. 


73, Keep Those Filaments Lit! NODMS 
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Cover: Dean Gagnon (KK1K) visited the Hammond Museum of Radio 
recently and is standing in a corner that’s reserved for the Collins Radio 
Company. A lot of this equipment, such as the KW-1, was the personal 

property of Fred Hammond, who used it for many years. 


meiod 


: 


The Hole in Hammarlund History: The Comet 


Marketed for Only Four Short Months, this Recetver is 
One of Hammarlund’s Rarest 


By Gary Halverson, KOGLH 
503 Jessica Court 
Mokelumne Hill, CA 95425 
k6glh@volcano.net 


There currently exists a popular belief 
that Hammarlund’s first “commercially 
successful” receiver was the Comet Pro, 
and if one were to base the research leading 
to that conclusion purely on the advertising 
Hammarlund did in QS7 magazine, it would 
appear so. However, the fact is Hammarlund 
was a late comer to QST advertising, and 
had been conducting much of its marketing 
effort through more mainstream radio 
magazines of the time, including the 
Gernsback radio magazines, namely Radio 
News and Short Wave Craft. And these ads 
reveal that there was much more to the 
story. 

Founded in 1910, by the late 1920s 
Hammarlund had established itself as a 
premier manufacturer of high quality com- 
ponents including pre- 


Figure 1: Hammarlund was founded in 
1910 by a Swedish immigrant, Oscar 
Hammarlund, and remained in business 
until the late 1960s under several owners. 


duce broadcast receiver kits. Their first 
product, the HI-Q-6, appeared in 1925 
and was enthusiastically received. By early 
1931, Hammarlund was offering a nine- 
tube HI-Q 31. However, by the beginning 
of 1932 with the depression having set in, 
the broadcast receiver market had matured 
and the hobbyist’s appetite for kits dimin- 


cision variable capacitors 
(hence their distinctive 
logo). Their midline ca- 
pacitor had become the 
standard variable tun- 
ing capacitor in nearly 
all entertainment receiv- 
ers of the period. 

As the broadcast re- 
ceiver market was ex- 
ploding, Hammarlund 
formed a partnership, 
the Hammarlund-Rob- 


erts Company, to pro- 
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Figure 2: The Hi Q-31 Broadcast Receiver 
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The new Hammarlund Junior Midline 


Short-Wave Condenser, 
mfd. The rotor plates turn in a diam- 
eter of only 2 inches, while the total 
frame depth is only 154 inches. 
is an extremely compact condenser, made 
by one of the foremost condenser manu- 
It is our Model 
No. PR-H-20, made specially for us. 


facturers in the world. 


So this 


Figure 3, Left: The Radio World 
subscription premium, ca. spring of 1931, 
was the “Junior Midline” tuning condenser. 


complete shortwave converter kit was also 
offered (including the Junior Midline 
condenser) fora 2 year, $12 subscription. 

About this same time, an affordable 
shortwave kit appeared in the Hammarlund 
ads. Presented as “The IDEAL RECEIVER 
for SHORT WAVES?” it was described as: 


“A remarkably efficient two-tube 


distance getter, with regenerative detector 
.0002 and one audio-stage. Easily constructed 
from the Hammarlund kit, containing all 
parts, as illustrated. Covers the range of 15 
to 105 Meters. It includes the famous 
Hammarlund Drum Dial, the new 
Hammarlund wide-spaced short-wave 


“Midline” Condenser and the improved 


ished so the partnership 
was terminated. Ham- 
marlund then quickly 
moved to the emerging 
short wave market. 
lagearty, 1931, the 
weekly publication 
Radio World featured a 
special subscription 
promotion with the 
Hammarlund “Junior 
Midline Short-Wave 
Condenser. as) a 
premium forasix month 


subscription ($3.00). A 


Figure 4, Right: The 
Hammarlunod 
shortwave kit was 
offered in periodicals 
such as Short Wave 
Craft magazine. 
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SHORT WAVE CRAFT 


The 
IDEAL 


“RECEIVER 
‘i WAVES 


A remarkably efficient two-tube distance getter, with 
regenerative detector and one audio-stage. Easily con- 
structed from the Hammarlund kit, containing all parts, 

as illustrated. Covers the range of 15 to 105 meters. 

It includes the famous Hammarlund Drum Dial, the new 
Hammarlund wide-space short-wave “Midline” Condenser 

and the improved Hammarlund Space-Wound Plug-in _ 
Coils. Interchangeable coils are available for higher aye 
bands. Makes a wonderful tuning unit for the short-wave 
experimenter. 


HAMMARLUND MANUFACTURING CO. 
424-438 West 33rd Street, New York 


For Betion Radio 
ammarlund 


FRECISION 


PRODUCTS 


Write Department SW for details of 
Hammarlund Skort-Wave Equipment 
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Figure 5: This Comet is in a wooden cabinet, 


Hammarlund Space-Wound Plug-in Coils. 
Interchangeable coils are available for higher 
wave bands. Makes a wonderful tuning 
unit for the short-wave experimenter.” 

This may have been a test-probe for 
Hammarlund to take a reading on the 
shortwave market — the ad ran for nearly 
a year throughout most of 1931. But during 
this time the “super heterodyne” circuit 
had become the buzz of the radio world 
and several manufacturers were eagerly 
working on getting their broadcast receiver 
offerings migrated over to the superhet 
design (requiring a license from RCA and 
the “Radio Trust”). 

And here it’s important to note that ham 
DX records were being broken regularly, 
the screen-grid tetrode tube had just been 
introduced, anda whole new generation of 
radio performance was on the drawing 
boards. My guess is that Hammarlund was 
quietly doing their homework, surveying 
the radio technology landscape, and 
planning their next breakthrough product. 
After all, these guys were accustomed to 
introducing breakthrough products —and 
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the stakes kept getting higher. 

While benefiting from the Hammarlund- 
Roberts partnership, Hammarlund 
apparently assimilated that experience and 
sales of factory-assembled radios was 
subsequently done under the 
“Hammarlund Products” moniker. 

From this point (February/March 1931) 
there appears to bea 10-month gap in the 
Hammarlund history. Our “reverse 
engineered” speculation about what 
happened during that time follows. 

But first, let’s fast-forward 10 months to 
Hammarlund’s next big milestone event: 
the introduction of the “Comet” All-Wave 
Radio, which appeared in the December 
‘31/January ‘32 issue of Short Wave Craft, 
and WOW! This radio blew the doors off 
any short-wave receiver on the market at 
the time (in that mid-depression price zone). 

The Comet circuit design was a state-of- 
the-art superhet employing a circuit 
topology using the tube set of the 
mainstream AC broadcast receivers at the 
time (remote and sharp-cutoff tetrodes, 


24As, and 35s) along with the latest 
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Beautifully finished 
Oriental burl walnut 
console cabinet, with 
hinged top for easy 
access to the chassis. 


Ein the entice . orld: of radio, between {5 and 550 meters, 
new Hammarlund ' ‘Comet" AW are ee ees 


Eten sensitive, 
quality. A.C. cperated. 


in eff cient. Ergipeated by specialists in pre 
b ss | of _broadcasti 


Dept. RN-2 : 424 W. 33rd Street, 
aigh Stree ew York, U 


Figure 6: The February 1932 issue of Radio News had Hammarlund’s Comet ad on the 


inside front cover. 
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Figure 7: This is a bottom view of the Comet’s chassis. 


improvements in plug-in coil design, IF 
transformer “Q” improvements, and of 
course, Hammarlund’s precision build 
quality. The “COMET All-Wave Radio” 
was an instant success when its introduction 
swept across the universe in December of 
1931, see the ad in figure 6. 

The new circuit design used screen-grid 
tetrodes (a development that was based on 
pioneering research by German physicist 
Walter Schottky’). Tetrodes offered much 
higher gain with stability over the triode- 
based amplifiers in popular use at the time. 
The problem with triode amplifiers was 
that their high inter-electrode capacitance 
became more problematic as frequency 
increased. Today, old timers who were 
active during that period have said “it was 
the screen-grid tubes that ushered in DX.?” 

Sales figures catapulted, and not just 
from hams and hobbyists, but also from 
foreign governments around the world who 
were vying for the phenomenal new receiver 
with a base price of $130. 

Then inlare summer ot [9914 RCA 
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introduced a new generation of receiving 
tubes, the pentodes, (i.e., the 57 and 58) 
that eliminated the screen grid secondary- 
emission problem in the tetrode. Pentodes 
were eagerly adopted by radio designers 
and Hammarlund wasted no time in 
updating the Comet with these new tubes, 
while also incorporating a number of other 
circuit improvements that corrected some 
performance deficiencies. 

So, in four short months after the Comet 
was announced, a significantly improved 
version that utilized the latest vacuum tubes 
and component technology was introduced 
— the “Comet Pro” in March 1932. In 
naming this new model, our guess is that 
Hammarlund not only wanted to capitalize 
onand preserve the fame achieved with the 
Comet, butalso inspire new sales by adding 
a suffix implying more refinement. 

Hammarlund’s main competition at this 
time was National Radio, who was 
producing regenerative receivers, namely 
the SW-5 "Thrill Box” and the SW-3. 
National’s first superhet was the AGS, 
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MODEL Comet Pro 


HAMMARLUND MEG. CO. Decenbey 1981 
July 1932 
IF PEAK 465 K.C. 
. 224-A aback aE MO Bi 
38 oo 2 (5) 
g O41 = ¥ ’ t 


A EIT RE. 2a 
Pe Sy GR A RE YY ay 
WOY 


| PPR AREE TEBE | 


200 w 4 > 
pcan w a = 25000 0 
“fT mea & © rr ame mt 
i a o OR 
a > . 
lk : i + ae 71 
sone | [N-PS ae [ee 
Bs 
| 
280 hYoLoyoye’ ; 
THE New Dece 1982 Sige 
HAMMARLUND ALL-WAVE et + “ at 
SUPERHETERODYNE RECEIVER, St ae | 
“THE COMET” LS a napa j 
A 92 MFD 


003 24F0, 


100 000 w 
250.000 w 


12.000 w 
TAPERED 


20w 
es So 
July 1932 ; 8.0 MFO 000 
deg K terminal of I-F. Osc. (Oscillator turned on) 12 
Top terminal of voltage divider 4 D ranitceibel Sad te. ro 
eS ee ae 0 P terminal of H-F, Osc., 1st and 2nd J-F,, 1st Det. and ist A-F 
Bottom terminal of voltae divider 0 Nabi phere Ss Soeoker ceaneges 73 
K terminal of 1st Det 3 eS ppticeroet eee) an pad 
eitietae IER, Gu 30 G terminal of ist Det. 55 
2 ; 32 G terminal of 1st and 2nd I-F and 2nd Der. 75 


(Varies with volume control setting) (Min.) 2 
terminal of 1st A-F. 12 


K BA 

K terminal of Ist and 2nd 1-F. (Max.) 

K 

K terminal of 2nd Det. 8 


Figure 8: The latest date on the Riders echeanate of the early Comet, is July 1932. 


which was introduced in late 1932, for the average ham and so the more 

followed shortly thereafter by FB-7 (March — affordable FB-7 quickly came to favor 

of 1933). But the AGS was too expensive among the hams, although not for at least 
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Figure 9: This is the Comet chassis, shown removed from its cabinet. 


a year after the Comet and Comet Pro. 

The Comet Pro survived for 4 years until 
1936 when the famous Super-Pro (SP-10) 
was introduced. 

So we submit for your consideration, an 
attempt to plug the hole in popular 
Hammarlund history and the restore the 
Comet’s legacy, albeit at a minor and 
inconvenient expense to the Comet Pro. 
And although caught in a cross-fire of 
rapidly technology 
developments, the Comet was none-the- 


emerging 


lessa ground-breaking product that paved 
the way for Hammarlund’s legendary Super 
Pro series. 

Long Live the Comet! 


Footnotes: 

1: Walter H. Schottky, Wikipedia 

2: Quoting from the late Bud Bane, 
WOoOWB 
Additional Comments: 
¢ The Comet shown in the photos is serial 
number 1006. 
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¢ The dates on the Rider schematics are 
reversed. 

¢ Special thanks go to Dennis Kidder 
(W6DQ) for his valuable input and 


inspiration. 
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The Dark Knight Arises: 
Knight R-100 Receiver Improvements 


By Phillip Legate, ACWOB 

2695 Pebble Creek Drive 

Marion, IA 52302 
spf@Reagan.com 

Schematic Diagrams by the Author 


History 

The Allied Knight R-100 was one of 
many entry-level, general-coverage receiver 
kits for “new” hams or those on a tight 
budget (and weren't we all?). Introduced 


R-100A 
Outfit 


ag 139% 


$7 monthly 


ke 


R-100A Receiver Kit Outfit 


e Knight-Kif R-100A Communications Receiver Kit 

e Knight-Kit S-8A Matching Speaker Kit 

e Knight-Kit Crystal Calibrator Kit (Builds into R-100A) 
e Knight-Kit S-Meter Kit (Builds into R-100A) 

e Dual Headphones with Phone Plug Installed 

e Outdoor Antenna Kit with Mounting Hardware 

e A.R.R.L. Radio Amateur's Handbook (Current Edition) 
e A.R.R.L. Amateur Station Logbook 


Our finest Ham receiver outfit. The R-100A tunes 540 ke 
to 30 mc in 4 bandswitched ranges. Has calibrated elec- 
trical bandspread on 80 through 10 meters—also tunes 
160. Better than 11% uv sensitivity for 10 db S/N. All- 
mode Q-multiplier has 60-db notch, or peaks desired signal 
70 db. Continuously variable selectivity from 300 cps to 
414 ke. Most asked-for accessories round out this terrific 
value. Shpg. wt., 42 lbs. 

85 U 322 AL2MUW. $7 Monthly................ 139.95 
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about 1958, there were three versions of 
the Knight R-100. The YU 726 was first 
seen in beige or gray tone, followed by the 
R-100G in gray tone paint, and then the 
R-100A where the front panel was a 
combination silver, charcoal gray and black. 
The R-100 series may have been the one of 
the first kit receivers to use printed circuit 


boards, see figures 3 and 4. 


Circuit Description 
mei LOO is” .a 
transformer-powered, 


4-band, 


conversion superhet 


single- 


with 9 tubes covering 
540 kHz to 30 MHz. A 
bandspread is provided 
for the four shortwave 
bands. Seven of the nine 
multi- 
function types. The RF 
amplifier stage uses a 


6BZ6 


cutoff pentode, while 


tubes are 


semiremote- 


the oscillator/mixer uses 
a 6BHB8 pentode/triode. 
A OB2 gas regulator tube 
regulates the plate 
voltage for the local 
oscillator. The two IF 
amplifier stages both 


Figure 1, Left: The 1966 
Knight catalog #250 
offered the R-100A for 
only $7.00 per month 
as “our finest Ham 
receiver outfit.” 


(Courtesy Dave 
Ishmael, WAGVVL) 
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lucky builder, after unpacking everything, would see the R- 
100A like this, waiting fora hot soldering iron. Note the neatly 
identified components mounted on cards. 


providing about 0.5 
watts of audio power as 
delivered. The triode 
portion of the 6(AW8 
functions as the BFO. 
A 12AX7 stage serves as 
the Q multiplier and for 
an entry level receiver, is 
very effectives! 1 ie 
receiver has two printed 
circuit boards with tube 
sockets mounted: An 
RF board and an IF 
board. The power 
transformer, choke, 
audio transformer, and 
tuning capacitors are 
chassis mounted. There 
are also many shielded 
cables running beneath 
the chassis. Antenna 


use the 6AZ8. The IF frequency is 455 _ tuning is via a “speedometer cable” from 
kHz. The detector/AVC/ANListhetriple the front panel to the RF board. In a 
diode 6BC7. The audio voltage amplifier receiver that has been overheated, one may 


is a triode that is half of the last 6GAZ8 IF find distorted circuit boards and even lifted 


tube. The audio poweramplifierisa6AW8 circuit runs. When restoring this receiver, 


SSS 


‘Wi RADE CORRQRATON > EHEAGO 
ray Hey 
fe i ot 


ATM), 
'y My, 


Ox SELECTIVITY i ’ ANTENNA 


Figure 3, Front View of the Completed R-100A Shortwave Receiver: What new Novice 


could resist a receiver with a control labeled “QX Selectivity?” 
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Figure 4: This top view of the R-100 shows the location of the unusual (for the time) printed 
circuit board and other details, such as the power transformer and the tuning condensers. 


; 
3 
i 
4 
1 


Figure 5: Underneath the R-100 chassis is shown the other PC board, plus the bottom of 
the board shown in figure 4. 
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a close check of the 
circuit runs is needed. F4 

In my schematics 
that follow, compo- 
nents marked with an 
asterisk (*) denote the 
new components or 


1A SB 
0.005 


120 VAC 


0.005 
components with modi- 


fied values. Only those 
circuits that have been 
modified are shown in 
the schematics. When 


Tip T1s 


The two 6.3VAC filament windings are paralled and phased. 


Replacement Transformer EDCOR XPWR 068 400V CT 


4027 2705W , 116 5.5H 


RL= 330 Ohms 


ae | C54A 


| C54B 


47 uF 250V 47 uF 250V 


A 215VDC, 6V P-P 


soldering the IF or RF 


Figure 6: Schematic with Replacement Transformer 


circuit boards, be care- 
ful not to apply too 
much yiieat as the 
printed circuit trace 
may lift. 

Power Supply (IF 

Section) 

The power supply is 
a conventional full- 
C-L-C system 
supplying about 195 
volts to the circuitry. 


The power supply 


Wave 


Replacement Transformer EDCOR XPWR 068 400V CT 


Di and D2 are 1N4007 


The two 6.3VAC filament windings are paralled and phased. 


2705W ,  3305W 


47 uF 250V 47 uF 250V 47 uF 250V 


—— | 


filtering was improved 
by increasing the 
capacitance to 47 pF with a Hayseed 
Hamfest (hetp:// 
www.hayseedhamfest.com/) and removing 
the 6X4. 

Replacing the 6X4 with solid-state diodes 
reduces chassis and transformer heating 
and subtracts 600 mA of transformer 
filament current. If solid-stating with the 
existing transformer, or a replacement 
transformer, place a 270-ohm, 5-watt 
resistor in series between the full-wave 
diode “common” and the first capacitor 
section. The 6X4 rectifier tube heats the 
transformer bell. Ifyou decide to keep the 
6X4, placea black aluminum shield between 
the tube and transformer. If you do havea 


failed T-2 transformer, you can replace it 
12 Electric Radio #310 


replacement 


Figure 7: Replaced Transformer Schematic with no Filter Choke 


(with minor chassis modifications) with an 
EDCOR XP WR 068 (www.edcorusa.com/ 
xpwr068). If using the XP WR 068 the two 
6.3 VAC windings are paralleled and 
phased. Adding a three-wire power cord 
takes AC off of the chassis. 

If you havea bad choke and cannot find 
a5.5H replacement, the “no choke” power 
supply shown in figure 7 can be used. 

Audio Amplification (IF Section 
6AW8 and 6AZ8) 

The audio power amplifier can be 
improved with the substitution ofa6HZ8, 
see figure 8. The 6HZ8 isa 9-pin, T-9 type 
and while it has a larger glass envelope, it 
fits nicely. The GHZ8 pentode section 


offers higher gain and more audio power 
March2015 


From Audio Fitter R34 Audio Output Transformer 


Je47 A\ /\ 0-5 680 pF 500V 


2.7k 1/2W 


To 6BC7 pin 1 and S-Meter + 


and Delayed AVC Diode 
100 


Figure 8: R-100 Audio Amplifier Ugrades 


Audio Output Transformer 


From Audio Fitter R34 
1/2 6AZ8 R* 1/2 6HZ8 ATp ATs 
_je47 . >» 680 pF 500V iy 
: i ce ohms 
9 
AT 


100 uF 35V 
V7 
10 uF 35V 


To 6BC7 pin 1 and S-Meter + 


and Delayed AVC Diode R48 
100 


Figure 9: R-100 audio schematic showing the EDCOR GXSE5-8-5.5k 
replacement output transformer. 
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that was lacking in the 
original design. . Biasing 
matches the 6AWS. It is 


a good idea to limit 


To Plate 


screen current when 
using the original audio 
transformer with the 
GHZ8 Hw hile” the 
filament current is 400 
mA higher than the 
6GAWS8, the 


erans for mer 


power 


temperature was only 
slightly elevated. 
Substituting a larger 
cathode by-pass 
electrolytic C53 of 100 


uF stabilizes the S-meter 


To Cathode 


of 2nd IF Amp 
via 680 ohm Pot. 
voltage and the delayed 
AVC detector tube 
(6BC7) bias. 

The 6HZ8’s triode 
section also serves as the 


BEFO. The triode’s gain, 


capacitance, and biasing 


closely matches that of 


2ndifp 2ndiFs 


Audio to Pre-Amp C47 


AVC to C33 and Sec. of Z-2 


1 MEG 


To Junction 


of R47, R48 


S R42 
1 MEG 


R54 


AVC Line to RF and First IF 


Hi uf 46V 
400k p C46 
0.05 
R28 


100k 


the 6AW8 and did not 
affect BFO operation. 
Background and circuit noise can be 
rolled off by increasing the value of C50 to 
680 pF and adding a series 33k resistor. If 
the roll off is too aggressive for your taste, 
reduce C50 to 560 pF. The voltage 
amplifier’s C49 cathode bypass cap of 10 
wF was replaced with the same value simply 
because it was aged and out of tolerance. 
A failed T-1 audio output transformer 
can be replaced with an EDCOR GXSE5- 
8-5.5K (www.edcorusa.com) transformer 
or a Hammond P-T125ASE (https:// 
www.tubesandmore.com/products/). See 
figure 9. 
Audio Detector and AVC (IF Section 
6BC7) 
Anyone who has operated the R-100 
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Figure 10: Knight R-100 Detectors and AGC Circuitry 


series knows the S-metering and AVC 
sections need improvement. I found the 
meter response to be erratic and the short 
AVC time constant objectionable. Two 
simple modifications can improve both 
functions. Adding a 33-pF, 16-volt 
electrolytic on the meter’s minus side (to 
the right side of the 820 ohm resistor) 
improves ballistics. The AVC time constant 
is too fast, so changing the C46 cap to 0.05 
uF moderates the AVC response. The 
original AVC circuit schematic is incorrect. 
See the audio detection and AVC schematic 
of figure 10 for the correct circuitry. 
IF Amplifiers (IF Section 6AZ8) 
No changes were made to the IF section 


except for tube replacement with the 
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original type. Unfortunately, there seems 
to be no higher gain, lower noise substitute 
for the GAZ8 due to its oddball pin out. 
Motorboating when using high gain 6AZ8s 
was traced to C31 and C36 and they were 
replaced. Allied went cheap here and 
bypassed all plate and screen RF to those 
bypass capacitors located at the cathodes of 
the Ist and 2nd IF amplifiers. 

Q Multiplier (IF Section 12AX7) 

The only change made to the Q 
multiplier was to replace C34 with a 10- 
uF, 250-volt capacitor. The original 
capacitors voltage specification was 
underrated. For a budget receiver, the Q 
multiplier works very well. 

Mixer/Oscillator (RF Section 6BH8) 

Tube replacement was attempted witha 
higher gain 6CX8 tube. While the mixer 
and oscillator functioned properly, the 
increased shot noise was deemed 
objectionable. I went back to the 6BH8. So 
while a 6CX8 can be used asa replacement, 
it is nota preferred tube type. The oscillator 
plate voltage is regulated by an 0B2 so 
make sure there is 105 volts at the plate. 
This is the only stage where | applied a tube 
shield, and the tube shield was painted flat 
black for increased heat rejection. 

RF Amplifier (RF Section 6BZ6) 

The only change to the RF amp was to 
replace the 6BZ6 with a 6DK6 that has 
higher gain and a lower noise figure. This 
improved RF gain remarkably without 
generating extra noise. This extra gain helps 
when using the Q multiplier. 

Circuit Grounding 

As with any boat anchor, tightening all 
screws helps with grounding, but with a 
PC board-based system, never rely on the 
board’s surround-ground to be in contact 
with the chassis. This PC board uses IF 
transformer shields to continue grounds. | 
highly recommend a single-point 


grounding system. Starting at the chassis 
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ground lug near | — ¢.3vac(whiterea) _| 
the first IF tube, 
insulate solder bn 
wick and run it 56 1/2W 
from that lug to 
the PC board at 
the’ frst’ IF 


amplifier ground | py 


D* 


1N4001 


pad, then on to the 
second and third |siue 
IF transformers, 
then the filter 
capacitor ground, 
and finally to the 
RF circuit-board 


ground. 


Figure 11: R-100 
LED Panel Lamps 


Front Panel Lamps 

I replaced the front panel lamps with 
jumbo blue LEDs using the circuit 
included. This gives a nice touch to the 
tuning and bandspread dials. The 56 ohm 
resistor and diode are placed in a heat 
shrink sleeve. Take a #47 bulb (preferably 
bad) and crack the glass with pliers in a 
shop towel. Trim glass shards from the 
base. Mark the polarity of both the bulb 
baseand LED. Trim LED leads to 4-inch 
and make a hook in both the bulb and LED 
leads and then solder. Fill from bulb base 
to LED with silicone sealant. 

Alignment 

After checking B+ voltages with the tubes 
out, the tubes were inserted and the receiver 
was aligned as per the original manual’s 
instructions. I found the frequency spotting 
and tracking were very close and only a 
minor touch up was needed. I found the 
oscillator drift was absent after about three 
minutes of on-time. 

While this receiver does not have 
selectivity of modern solid state receivers, 
the sensitivity of the R-100 rivals that of 
my ICOM-7200. 

ER 
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A Ham Looks at the Knight Kit R-100A 
and Likes it 


By Don Wherry, WGEUM, SK 
Reprinted from 73 Magazine, July 1963, 
Courtesy of Dave Ishmael, WAGVVL 


A recent survey of the stations being 
contacted here at WGEUM revealed that 
well over 50% were using some form ofa kit 
transmitter. The same stations, meanwhile, 
indicated that less than 1% of them were 
using kit receivers. 

A little investigation into this situation 
uncovered a rather widespread belief that 
the assembly of sucha receiver would leave 
something to be desired in the way of 
results. 

Nowifyouare one of the more fortunate 
ones who can tap the family budget for 
$500 fora new super-deluxe job the validity 
of this belief is of little concern. However, 
if you're like most of us where even $100 
bends the monthly balance, perhaps you 
should examine the situation a little more 
closely. With this in mind, and since lam 
one who believes that a receiver kit costing 
less than $100 would be inadequate (some 
will argue that), a search was made into 
available units costing around that figure. 
The result of this search was the purchase 
of a Knight Receiver Kit Model R-100A 
and the following article is a review of this 
kitasa ham sees it, and not necessarily as the 
Knight Company might. 

If you have not assembled, or seen, a 
modern ham kit in recent years you re in for 
a surprise when you unpack your R-100A. 
In contrast to what you may have heard or 
to what you may have remembered of early 
kits you will find the components of this 
unit to be of first class quality throughout- 
the chassis is heavy gauge steel, the tubes 
RCA, all resistors and condensers top quality 
and, in fact, no indication at all that Knight 
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cut cost corners on components or 
hardware. Everything is furnished, even 
the solder. Now for the assembly- the 
mechanical portion proved easy, being 
straight forward with no tricky adjustments 
or hard-to-get-at parts or screws. The wiring 
itself is almost all printed circuit boards- 
only three of the fifty resistors used are not 
on these boards. This simplifies the wiring 
to an enormous degree and allows anyone, 
regardless of radio experience, to do the 
job. The resistors themselves are even 
mounted on cardboard with their “R” 
identification number alongside so you can 
even be color blind and still get the correct 
value. The circuit itself is a nine tube 
(performing the function of 13) single 
general coverage 
superheterodyne. It’s a fairly standard 
circuit starting with a 6BZ6 IF stage using 
four RF coils-the 14, 21 and 28 Mc bands 
are allon one RF coil. There is an IF trimmer 
condenser controlled from the front panel 
that is used to trim the RF coil in use. This 
allows peak performance from the stage for 
any antenna loading, and is especially 
desirable from the ham operator's 
standpoint. The mixer stage uses a 6HB6O, 
the pentode section of it is used for the 
mixer and the triode section for the 
conversion oscillator. There is nothing 
special about this circuit except, possibly, 
for the use of an OB2 regulator tube for the 
oscillator plate supply-nothing else is on 
this regulator tube. One thing about the 
circuit so far which does deserve mention 1s 
the band switch. This switch is a printed 
circuit board type and is the greatest thing 
invented since suspenders. It simply plugs 
into the main board and is soldered in 
place— 36 connections made in 
approximately two minutes, with no 


conversion 
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possibility ofa mistake. ... The demodulator 
(detector) uses one section ofa triple diode 
6BC7 in a typical diode detector circuit. 
The second diode of this tube is a AVC 
rectifier that has a built in delay to remove 
all AVC action on weak signals. The third 
section is a series noise limiter which 
automatically adjusts itself for the average 
level of the received signal. This works real 
well for ham use. ... The BFO uses the 
triode section of a 6AV8 and is unusual in 
that the BFO output signal is fed into the 
circuit at the input to the second IF stage, 
at a very low level. This seems to allow 
better operation on SSB and, when this 
feature is combined with the real smooth 
vernier action of the BFO frequency control, 
it allows excellent SSB reception. This from 
what is normally considered [an] all AM 
detector. SSB is AM, by the way. A product 
detector would probably operate a little 
better but this circuit does do a good job. 

The Q multiplier is really something. 
Some multipliers of this type seem to be 
unstable and hard to operate when used in 
the “peak” mode, but this receiver seems to 
have licked the problems and its use makes 
a world of difference when you are trying 
to beat some bad QRM-and who isn’t? Fact 
is, if you have never operated one of these 
little jobs you will be amazed at the way you 
can pull a signal out from a big pileup of 
QRM. It’s also valuable asa null device but, 
in my opinion, it is notas fine a performer 
there asa notch filter [would be]. ... Acheck 
on the sensitivity indicated that the 
specifications were reasonably close. 
However, you must expect to do an 
alignment job to get real good results. 
Knight has complete alignment instructions 
and even suggests a way to do the job 
without a signal generator. However, | 
would strongly recommend the use of a 
good RE signal generator. The coils are all 
pre-aligned but, that is not good enough if 
you want top results. The AVC does not 
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operate on CW or SSB. This, in my opinion, 
is not especially important and only means 
that you must use the RF gain control for 
a volume control when in those modes. 

The overall construction of this kit was 
so straight-forward and easy that no special 
instructions to you, as the builder, seem 
necessary. Just the usual caution to “do it 
their way.” Use the manual and follow 
directions and you can’t go wrong. ... 

Now fora few general comments on this 
little job. The rig is much better looking 
than the pictures would indicate the 
combination of jet black, silver and gray is 
real nice. ... While the bandspread feature 
spreads the bands over approximately 165 
degrees of the bandspread dial, the markings 
are not especially easy to read. ... Also the 
bandspread dial has a ratio of about six-to- 
one in reduction and that also would be 
better if it were 12 or 15-to-one. It’s not 
hard to tune as-is, but any help along that 
line is desirable. ... Since this is a general 
coverage type receiver you should purchase 
the 100 ke calibration accessory, which is 
available quite reasonably. This I feel is 
important and just might save you a pink 
HOE Cisc 

There is no more than the normal amount 
of drift in the conversion oscillator as it 
warms up, and after a few minutes this 
settles down well. No drift in the BFO was 
noticeable. A remote connection is brought 
out on the rear of the chassis to silence the 
receiver while you are on transmit and it 
works well. 

To summarize- I think that the only 
conclusion that can be drawn is-ifyou have 
several hundred dollars to spend, go ahead 
and buyaSX-115 or the S-Line, but if not, 
take a good look at this kit receiver. Ifyou 
want a general coverage job I doubt if you 
can touch a better receiver for the $100 
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Adding External 40 Meter VFO Capability 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 
w3bym@pghmail.com 


Background 

My last three transmitter projects have 
been crystal control using grid-plate 
oscillator circuits. While crystal controlled 
transmitters are extremely stable, a VFO 
controlled transmitter can performed with 
near equal frequency stability. The plan is 
to add external VFO capability to my 815 
and 4D32 transmitters.*? The challenge 
will be supplying the correct amount of 
grid drive to the 815 transmitter = 4-6 mA 
and the 4D32 transmitter = 10-12 mA. 
Only the 815 Transmitter will be explored 
in this article. | hope to use a minimum of 
added passive parts and new chassis holes. 

VFO Selection and Check-Out 

The first order of business was to search 
my stock of VFOs and find a suitable 40 
meter unit. Most of my stand-alone VFOs 
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Figure 1: The 815 transmitter has the new twin-lead plus FT-243 holder 


operate in the 75-80 meter band, which 
left the Heathkit HG-10B as the candidate 
for this project. Since it had been in attic 
storage, it needed a full check out and 
calibration. 

The calibration was not too far off but 
the frequency selection dial had 
unacceptable dead space, about one-eighth 
of a turn. The dead space was traced to 
incomplete meshing of two drive gears, 
which was quickly cured with a simple 
mechanical realignment. Since both of the 
transmitters use cathode keying, the VFO 
was changed from grid-block to cathode 
keying. The 80 and 40-meter calibration 
was retouched and the VFO was good-to- 


go 


The RF output specification is 5 VRMS 
open circuit output from an untuned 
cathode follower. The recommended load 
is 50k, or higher, with no information 
about the connecting cable length. The 
manual calls fora “length of RG-62.” The 
measured RF output was 12 VRMS. My 


plugged into the socket, lower left corner of the main chassis. The stand-alone 
VFO power supply sits on the VFO with its octal power plug in the back. 
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HP- 410B VI'VM was 
used for all voltage 
This 
out-of-spec voltage 
cannot be explained as 
all circuit components 


measurements. 


and voltages were within 
tolerance. Perhaps other 
HG-10Bs exhibited 
high output open- 
circuit voltage. 

The stand-alone 
power supply for the 
VFO uses a single trans- 
former feeding a full- 
wave bridge rectifier. 
This transformer is rated 
for 250 VRMS at 25 
mA. The 6.3 volt wind- 
ing is adequate for the 
one tube and two pilot 
lamps. The power sup- 
ply filter is a capacitor- 
input design with a 
single-section filter 
choke and an output 
capacitor, ending witha 
50k, 10-watt bleeder 
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Figure 2: The 1965 ARRL handbook’s recommended 
modification has been redrawn using a toggle switch. 
S1A opens the crystal socket line when in VFO mode. 
At the same time, S1B parallels a capacitor to prevent 
self-oscillation in the GAG7. 


resistor. [he output is 

300 VDC with a 20 mA load and a ripple 
of 25 mV. The HG-10B draws less than 20 
mA. 

The first test on the VFO was to load the 
output with capacitance. The output 
voltage was measured with different 
capacity loads connected to the RF output 
connector. The results are 
° 10 pF = 8 VRMS, 
¢ 20 pF = 6 VRMS, 
¢ 30 pF = 4.8 VRMS, and 
¢ 40 pF = 3.8 VRMS. 

This test clearly shows the deadly effects 
of capacitance on the output voltage. 


The HG-10B is made to drive a DX-60 
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transmitter. The DX-60 uses a modified 
Pierce oscillator circuit and is designed to 
operate with 2-3 mA of grid current for the 
PA, 

Preliminary Testing 

Using the ARRL Radio Amateur’s 
Handbook recommendation, the 815 rig’s 
6AG7 oscillator circuit was modified. It 
was readily apparent that the connecting 
cable was going to bea big issue after using 
a short (2-foot) piece of RG-58. 

The handbook modification switches 
the grid bias resistor plus the two capacitors 
to the VFO input while opening the line to 
the crystal socket. At the same time, a .01 
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uF capacitor is switched in parallel with the 
220-pF unit. The .01 cap is supposed to 
prevent self-oscillation in the GAG7. 

Adequate, but low, drive of 3 mA was 
achieved only when the VFO’s output 
connector was placed near the oscillator’s 
input connector. The connection was made 
using a short (12-inch) length of bus wire. 
A clip lead established the ground 
connection. This setup gave essentially zero 
capacitance in the connecting cable’s 
ground. 

Cable Testing 

The obvious next step was to test for 
capacitance with different types of 4-foot 
connecting cables. My installation required 
a 4-foot cable length. The test results are as 
follows, 
¢ Small Zip cord — 72 pF, 

° Large Zip cord — 56 pF, 

© RG-58 — 92 pF, 

¢ Twin-lead — 18 pF, 

* 4conductor telephone wire — 82 pF (best 
pair), and 

¢ #22 hookup wire twisted pair — 56 pF. 

The next set of testing involved the 
different cable types plugged into the 
VFO’s output, with a 50-k load attached to 
the opposite end of the cable. One 
additional feature was attached to the cable, 
a parallel L/C circuit resonated to 
approximately 40 meters. There wasa large 
amount of data taken during these tests. To 
make a long story short— the twin lead gave 
the best output voltage, 6.2 VRMS. That 
fits closely to the initial capacitor load test, 
mentioned previously, where a 20 pF 
capacitor yielded 6 VRMS. 

Attaching the resonant L/C circuit in 
parallel with the load resistor increased the 
voltage to 11.5 VRMS. 

Cable Testing with ARRL Modification 
Atthis point I thoughtall problems were 
solved so the twin-lead plus L/C circuit was 


connected to the transmitter, but minus 
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the 50-k load. The results were 
discouraging. Less than 1 mA of grid drive 
was available. The inductor was made using 
a toroid core and measured 7 pHy. The 
inductor uses a 168-2 core with 30 turns 
of #24 enameled wire. The parallel 
capacitor was a variable with its maximum 
C=75 pF. 

I figured plugging into the transmitter 
added more capacity so I needed to reduce 
the inductance. Satisfactory grid current 
was achieved when the inductor was 
reduced to 3 pH and the variable cap set to 
S238: 

Curiosities lead me to measure the actual 
input capacitance of the modified oscillator 
at the crystal socket. It measured 35 pF. 
Now things really got confusing. The total 
capacity was 35 pF (input) + 35 pF 
(variable) + 18 pF (twin-lead) = 88 pF. A 
low L/C ratio was not the direction I wanted 
to go. Further curiosities lead me to measure 
the output capacitance of the VFO. It 
measured 20 pF. Now that tacks on another 
20 pF to the 88 pF with a grand total of 
108 pF. As you can see, the L/C ratio 
decreases even more. 

Cable Testing with W3BYM 
Modification 

At this point it was time to take another 
look at the ARRL handbook oscillator 
modification with the intent on reducing 
the capacitance. The 35 pF input was just 
unacceptable. I got an idea from the Pierce 
oscillator circuit used in the EF Johnson 
Viking I]. When that transmitter is 
switched to VFO input, just the grid of the 
oscillator tube, plus its biasing resistor, is 
presented to the VFO connector. 

Asa last resort, I said “let’s disconnected 
the two capacitors from the grid of the 
oscillator.” As shown in the condensed 
transmitter drawing (figure 3), S6 
disconnects the two capacitors from the 


grid. There is nothing special about S6. I 
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used a miniature toggle, 
see figure 4. It all depends 
on the available space. 
The switch needs to be 
located near the gird pin 
and crystal socket. The 
crystal 
converts to a crystal or 
VFO female connector. 
ire measured 
capacitance is 20 pF at 
this connector with S6 
open. i 

With the reduction of 
total capacitance I won- 
dered if it would be pos- 
sible to eliminate the vari- 
able capacitor from the L/ 
C circuit and use just a 7 


socket now 


wHy toroid inductor. To 


this end, the variable was 


6AG7 


6.3V 


fs RFC1> 800uH 4, Fn 
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- + 
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CIRCUIT 


deleted and now the total 
capacitance was: 
20 pF (VFO output) 
+18 pF (twin-lead) 
+ 20 pF (VFO-Crystal 
ahs ph, 
The new L/C values are 7 pHy and 58 


pF. These are correct for approximate reso- 


connector) 


nance on 40 meters. Note: All of the induc- 
tance and capacitance measurements were 
taken with a RF Analyst Model RF-1 at 7 
MHz. 

The L (toroid inductor) can be placed 
anywhere on the connecting cable or at 
either end with equal results. The grid 
current results are very satisfying. The drive 
control’s range is 4- 10 mA. Only 3 mA are 
needed to drive the 815 transmitter for its 
lowest output power. The VFO output 
measures 5 to 10 VRMS as a function of 
the 815’s drive control. 

Unique Cable Fabrication 

Using twin-lead as the VFO-to- 


transmitter connecting cable and 
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Figure 3: The W3BYM modification inserts switch, S6, to open 
both capacitors from the grid pin. The VFO key line uses a 
SPST reed relay that closes with the “SPOT-OP” switch. 


veo GAG7 


Figure 4: The VFO-XTAL toggle switch 
sits between the socket and the 6AG7. The 


toroid inductor is attached to the rear of 


the FT-243 holder. 


terminating one end witha RCA male plug 
(figure 5), and the other with a FT-243 
crystal holder, presented a challenge. 

A piece of double-sided, copper-clad 
board was used for the RCA end. The RCA 
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Figure 5: The top two photos show the twin lead to RCA-male plug construction. The 


Ss 


Sit: 


bottom photos show the FT-243 to twin lead completed assembly with the inductor 


attached. 


end cap was discarded and a hole, the size 
of the plug’s thread, was drilled in the 
board. The threads were then soldered to 
the board for the ground connection. Two 
smaller holes were drilled to hold the twin- 
lead metal strain relief strap in place. 

The opposite end of the cable contains a 
gutted FT-243 crystal holder. The side of 
the holder was drilled and filed to 
accommodate the twin lead. After making 
the internal solder connections, the 
remaining cavity space was filled with J-B 
Weld™ epoxy. The toroid inductor was 
glued to the holder and its wires soldered to 
the top of the external pins. 

One Problem — One Fix 

The transmitter and VFO were checked 
out on the bench and installed in the shack. 
All worked as planned, buz, when switching 


toAMa blasting signal was heard in the 
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receiver, coming from the VFO. Yes, I had 
forgotten to check out the AM mode on the 
bench. We elders in this great hobby classify 
this asa “Senior Moment.” 

The AM —CW mode switch connected 
all cathodes and the VFO key line to 
ground! The cure would be to open the 
VFO key line when switching to the AM 
mode. The challenge is to find somewhere 
in either the transmitter, or its power 
supply, that changes with the “Spot- 
Operate” switch. There are just two places 
meeting this criterion and they are in the 
power supply. Both the 125 and 150 
regulated voltages switch on in both 
positions of the Spot-Operate switch. 

Before solving this problem I placed 
three restrictions on the cure. First, the 
HG-10B must not be compromised. It 


must stay in original condition. Second, no 
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Thisis the complete station with the 815 transmitter 


The CW mode was never an issue since 

the hand key controls all cathodes and 

the VFO key line. The spot function 

on the HG-10B operates as intended. 
Summary 

I fully appreciate that very few 
builders will add this modification to 
a home brew 815 transmitter. This 
mod is for asingle ham band but could 
be tailored for other bands. As pointed 
out, the capacitance is the key factor 
and would becomea real challenge on 
the higher bands. The idea could be 
used on 160 thru 20 meters but 15 
and 10 would be doubtful. 

I have demonstrated that the 
connecting cable’s length can be longer 
than typical by selecting a low 
capacitance cable and resonating that 


Pees, 


cable at the operating frequency. Other 


ontop of the HQ-129X. The Vintage audio filter low power transmitters would easily 
to the left and the HG-10B VFO, VFO power accept this mod. Transmitters using 


supply and VFO frequency counter across the 


bottom. 


additional control panel switches can be 
used. Third, no additional wires can be 
used between the transmitter and VFO 
other than the VFO key line. 

The cure was to use a relay (K2) to 
operate K2’s contacts in the AM mode. 
Retrofitting an additional unplanned 
circuit can be a real head-hurt. This is 
especially true when there is very little 
space for the additional components. In 
this case I used a miniature 24 volt reed 
relay with aSPST normally open contact. 
Testing showed this relay will pull in at 12 
VDC. A series resistor was selected for a 
pull-in at 15 volts, adding some voltage 
margin. 

When switching to the AM mode the 
VFO key line remains open. It will close 
when the Spot—Operate switch is operated. 
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the Pierce oscillator will work equally as 

well, as would the grid-plate oscillator. 
Fabricating this mod into a home brew 
transmitter would be easy and acceptable. 
On the other hand, installing a VFO crystal 
switch and one extra rear-panel hole for the 
VFO keying on a commercial-built kit 
would be possible, but not likely in the eyes 


of a purist. 
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The U.S. Military’s First Encounter with FM Radio, 
a Landmark Photograph 


By Mike Katzdorn, KB3LFX 
8909 Alliston Hollow Way 
Gaithersburg, MD 20879 


oldradio@rcn.com 


The following story was written in 
1984 by Fred M. Link and 
accompanied the photograph below in 
figure 1: 


FRED M. LINK 

CONSULTING RADIO ENGINEER 
125 WESti7" STREE® 

NEW YORK 11, N.Y. 


$ 


“An historic photo was taken in 
October 1940 by Fred M. Link. The 
event was a vital field inspection made 
by the top officials from the Ft. 
Monmouth Signal Corps Laboratory 
at the direction of the Chief of Staff 
and Chief Signal Officer, U.S.Army. 
The inspection was to determine if the 
reports received by the Signal Corps of 
the superior performance of a new 
radio system called” GRIM “were 
accurate. This system was installed for 
the Connecticut State Police under the 
direction of their ati consultant, 


7 dary EXPERTS STU 


INSPECTION OF LINK 
CONNECTICUT. SAL POLICE, OCTOBE 


Figure 1: In this historic October 1940 TTT TEY taken by Fred Link, 
Edwin Armstrong is 5th from the left side. Standing to the left of Armstrong 
is Syd Warner, one of the officers from Fort Monmouth. Edward J. Hickey 
is first from the left, and Colonel Roger Colton is second from the left side. 
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Dr. Daniel Noble, a Professor of 
Electrical Engineering at the University 
of Connecticut. The equipment was 
designed, produced and installed by 
Link Radio Corporation of New York 
City in 1939 and was reported as a 
breakthrough! 

“At the time of his involvement Dr. 
Noble was not a part of Motorola, 
having joined Motorola following 
completion of the Connecticut State 
Police system, and by that time the 
Connecticut FM system had already 
made history internationally. However, 
based on the proven success of this 
landmark installation, until then a totally 
unproven radio system using the FM 
principle, Dr. Noble resigned from 
the University of Connecticut staffand 
accepted a major position with the 
Galvin Manufacturing Company (later 
renamed Motorola) which led to the 
success and dominating position of 
Motorola in the field of Land Mobile 
and especially Public Safety radio 
communications. 

“As to this historical event: Major 
Armstrong, the acknowledged inventor 
of FM, arranged to have Signal Corps 
officials, headed by Col. Roger B. 
Colton, at the time head of the Ft. 
Monmouth Laboratory, and his deputy, 
Major James O’ Connell anda group of 
about ten other Signal Corps junior 
officers, come to Connecticut to 
observe the system in operation. At the 
invitation of Connecticut State Police 
Commissioner Edward Hickey, Dan 
Noble (the Consultant) and Fred Link 
(the producer of the system) were 
likewise invited to take part in the 
demonstration of this pioneer FM 
system. 

“Their check was so satisfactory that 
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the War Department made major moves 
to convert much of the military 
communications to FM type products 
and immediately placed “secret” 
contracts with Fred Link and Link 
Radio. Link would produce and supply 
complete FM Systems for installation 
in the 1stand 2nd Armored Divisions 
(these were the only armored forces 
activated at this point in time). Link 
provided modified “Police Radio” 
equipment that was designated as SCR- 
293 and SCR-298 to be used for 
Military Police, Seabees, Coast Guard, 
Marines, Army Air Force and the 
Navy. 

“The later lines of hardware was 
designated as 1498, 1505, MN, SCR- 
500 and most importantly as the AN/ 
TRC 1,3,4 series of point to point 
multiplex systems in use by the Army 
Air Force, Signal ‘Corps, Navy, 
SHAEF, and for the invasion of the 
Continent (Normandy, etc.) as well as 
the island hopping in the South Pacific. 

“What I’m trying to bring out is that 
the photo of the group, taken at a 
Connecticut State Police site in 1940, 
was the key story in a complete 
changeover in Department of War 
communications thinking —and based 
on letters of commendation sent to 
Fred Link by Generals Eisenhower, 
Bradley, Harrison and others was highly 
instrumental in the successful war 
effort. 

“Summary: It is my belief that 
DOLIGE, RADIO) and), PUBLIC 
SAFETY interest in the early FM 
pioneer efforts definitely had a great 
bearing on the successful story of WWII 
communications. Further, the picture 
of many of those involved taken in 
Connecticut in October 1940 is in 
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Figure 2: The SCR-298, from the Army technical manual, showing the 
almost identical similarity to commercial Link FM radio equipment. 


itselfa “landmark” item. 

“Tam not certain, but I believe that 
Dan Noble was behind Fred Link 
when the actual picture was being 
taken, which explains why Noble and 
Link are notin the scene. Fortunately 
I was able to actually obtain the true 
signatures of all those military and 
civilian engineers from the Laboratory 
as well as Major Edwin Armstrong, the 
FM Inventor, and Col. Ed Hickey, 


Commissioner of the Connecticut 
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State Police,” 

Signed: Fred Link, 1984 

(The above was lightly edited by M. 
Katzdorn to improve readability, but 
no facts were changed.) 

The equipment in figure 2 is taken 
from the SCR-298 manual and shows 
the equipment-to-be, as Fred related 
above, a slightly modified version of 
his prewar “Police Radio.” The manual 
is not a typical ITM, but rather a 
modified version of Link Radio’s 
standard commercial manual. 
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Post Script 

My close friend and I would travel 
north every year to the RCA banquet 
held at the Athletic Club at Central 
Park South. Since we drove right by 
Fred’s home in New Jersey we'd stop 
and get Fred and his wife Mildred and 
take them into the City. We had some 
great times and got to know them very 
well, and they found out my love for 
radio history. After Fred passed away 


and Mildred was being moved out of 
her home, she asked me if I’d be 
interested in preserving Fred’s things; 
she didn’t have to ask twice. Among 
the many treasures were the original 
signed photo and his write-up on it. By 
the way, Fred and his wife were the 
nicest people you'd ever want to meet. 
Fred Link: 10/11/04 to G/18/98 
[Editor’s Note: The following pages 


have more about this important era. ] 
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TYPICAL FMTR-7C MOBILE INSTALLATION 
* AL PARSELLS, internationally prominent high goal poloist inspects units 
in station wagon. His comment: “ 
until the tail gate was dropped. The small compact size; efficient, sturdy 
cable harness; the unique Link mounting plates and features certainly prove 
that these units can be installed in any mobile job without apparent loss 


=P 


never realized this installation existed 


* Ramapo Reds, Spring —low goal indoor champions 
, 
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In this April 1946 Link sales brochure, the similarity between the Link 
FMTR-7C and the Army’s SCR-298 is unmistakable. 
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Edward J. Hickey is tcndine at the map, while a police officer at the desk 


i nrg neem Y a 
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1 ow Be Peay 
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is using a handset connected to a Link FM transmitter’s remote controller. 
This was a staged photo that goes with the text in the story below. 


[Editor’s Note: The following story 
about Edward Hickey and the early history 
of 2-way radio was taken in part from the 
Mobile Radio Handbook, 1950, that was a 
special publication by FM-TV, a 
professional magazine. Early 2-way radio 
history is often overlooked, and played a 
vital role for many communities. Much of 
the original equipment has been lost, very 
little has been saved. ] 

“Edward J. Hickey, Commissioner of the 
Connecticut State Police, sponsored the 
first 2-way communications system 


employing Armstrong FM fixed and mobile 
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equipment. The installation, comprising 
10 transmitters, most of which were 
controlled remotely from police barracks, 
and 225 units in patrol cars, provided 
complete coverage of the State. This system 
represented the greatest advance in modern 
police protection of lives and property. 
Such outstanding records were achieved in 
the apprehension of criminals, the recovery 
of stolen goods, and the improvement of 
relations between the citizens and the State 
Police that public officials came from all 
parts of the United States and many foreign 


countries to learn first-hand about 
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Connecticut's remarkable system of 
instantaneous, state-wide communication. 
“The original engineering survey and 
planning was done by Prof. Daniel E. 
Noble in 1939. Prof. Noble was then an 
instructor at the University of Connecticut. 
No equipment had ever been built for such 
a purpose, but its manufacture was 
undertaken by Fred M. Link. The system 
was completed in 1940. 
“Engineering-wise, it is significant to 
note that this was less than 5 years after 
Major first public 
demonstration of FM before the Institute 
of Radio Engineers at New York City in 
November, 1935. At that time, engineers 
quoted in the press called FM a “visionary 
dream,” and the Boston Globe 
of November 17 reported: “. . 
complex that it requires, at least in its 


Armstrong's 


I at tsso 


present stage of development, a receiving 
set of 57 tubes, which is out of the question 
asa commercial and marketable possibility.” 

“However, the Connecticut system had 
been so carefully planned and the 
equipmentso well designed that no changes 
or modifications were required and, 
according to Commissioner Hickey, most 
of the original equipment is still in daily 
operation. 

“From that initial success, the use of FM 
communications has grown to a point 
where, at the beginning of 1950, more 
than 10,000 fixed stations and 200,000 
mobile units are in service, and over 3,000 
applications for FM systems are currently 
pending. 

“During the first World War, limited use 
was made of radio telephony for 
communications purposes, but it was not 
considered adequate for military purposes. 
In fact, radio telegraphy was only employed 
where the wire telegraph could not be set 
up or maintained. 


“The first extensive use of the radio 
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telephone was for broadcasting. It was not 
until this means of public entertainment 
had developed on a nation-wide scale, and 
broadcast receivers had been developed for 
automobiles, that an effort was made to use 
radio telephony for communication with 
police cars. 

“One-way systems, 1.e., transmission 
from headquarters to patrol cars, proved 
highly successful as an adjunct to police 
work. A fair degree of reliability was 
achieved, despite the somewhat inadequate 
mechanical and electrical design of the 
equipment, the uncertainty of auto-mobile 
storage batteries and chargers, the frequent 
failure of DC plate-voltage supplies for the 
tubes in the car receivers, and the tendency 
of municipal officials to rely on local 
amateurs not only for technical counsel 
but, frequently, the construction of 
equipment. 

“In spite of these handicaps, the speed 
and convenience of the radio telephone 
quickly established its worth, and 
encouraged established manufacturers to 
develop and produce improved equipment. 
One thing was lacking, however, and that 
was a return path from the cars to 
headquarters. The first two-way mobile 
system ever installed was manufactured 
and installed by Radio Engineering 
Laboratories for the police department in 
Bayonne, N. J., in 1931. It operated on 
AM, employing a frequency of 31.1 Mc. 
That was considered about the practical 
limit of high-frequency operation then. 
The performance was highly satisfactory 
over the relatively small area of Bayonne. 
The only serious fault was susceptibility to 
static interference. Heterodyne interference, 
characteristic of AM operation, was nota 
factor then, because there were no other 
systems on the same frequency. 

“The advantages of 2-way operation were 


easy to demonstrate, but progress was not 
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as rapid as might have been expected, 
largely due to lack of experienced police 
radio supervisors. Major Armstrong had 
demonstrated his static-free FM system in 
1935, but that equipment was elaborate 
enough to filla patrol car, and even crowd 
out the driver. 

“Then, in 1938, Commissioner Edward 
J. Hickey, of the Connecticut State Police, 
engaged Prof. Daniel E. Noble, then 
teaching at the University of Connecticut, 
to plan a state-wide police radio system. 
Professor Noble proposed that FM be used, 
in order to overcome static and interference 
that might develop from co-channel 
operation of new systems. No suitable 
equipment was available commercially, but 
its development and production was 
undertaken by Fred M. Link. 

“Equipment for 12 fixed stations and 
250 cars was completed and put into 
operation in 1940 witha surprising absence 
of trouble, and in much less time than had 
been widely predicted. Performance was 
completely satisfactory from the start. 

“Other manufacturers undertook the 
development of mobile FM equipment, 
adding to engineering information and 
operating experience. When, in 1941, all 
civilian radio production was halted, FM 
was making rapid strides. The use of mobile 
radio was virtually limited, however, to 
police service. There were a few public 
utility systems, and a small assortment of 
special installations. 

“During the second World War, the 
manufacture of FM communications 
equipment was continued under WPB 
allocation, and many new police systems 
were authorized, particularly in strategic 
coastal areas and industrial centers. The 
U.S. Navy hada very elaborate FM mobile 
system of nearly world-wide extent. 

“FM equipment was adopted for tank 


communications, and many of the Army’s 
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mobile services. Probably the most widely- 
used military FM equipment was the famous 
Walkie-Talkie. Also FM relay equipment 
was developed and used over long European 
circuits where wires could not be 
maintained. Much of the traffic across the 
English Channel was handled on FM, too. 
The wartime Handie-Talkie used AM 
circuits, but in 1948 a new Signal Corps 
design, using FM, was adopted as the new 
standard. 

“Thus, all through the war, the 
development of FM equipment and its 
application to new services made rapid 
strides, while its superiority over AM for 
short hauls or long-distance relays became 
known to Army and Navy radio engineers. 
That explains the enormous demand for 
civilian FM communications after the war 
was over. 

“Available frequency assignments soon 
proved inadequate because it was found 
that many new kinds of services could use 
FM to great advantage. Finally, in 1948, 
the Federal Communications Commission 
undertook an exhaustive study of the needs 
of the various services, in order to set up 
revised frequency allocations and rules. 
This work was completed in May 1949, 
and the new allocations and rules were 
made effective the following July 1. 

“Various services were then authorized 
radio 
communications on frequencies above 25 
Mc. While the FCC does not require FM 


operation, it is now used to the virtual 


to use telephone 


2-way 


exclusion of AM, not only for mobile 
systems but for point-to-point and relay 
installations. This even includes the AT&T 
radio relays, now being extended from 
Boston and New York to Chicago and on 
to San Francisco, for multiplex telephone 
circuits and television networking.” 
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March 14: Sierra Foothills Amateur Radio Club, Loomis, CA - 7:30 a.m. to 11:00 a.m., 
Loomis Train Depot Plaza. http://www.w6ek.org/hamfest.html, Bob, K6UDA, 
k6uda@att.net or Earl Wilson, KOGPB, earlw@goldrush.com. 


Saturday, May 2, 2015: The Wexaukee Amateur Radio Club will sponsor the 53rd 
Annual Cadillac Swap Saturday May 2nd at Cadillac Junior High School 500 Chestnut 
St, Cadillac Michigan. Admission $5 Tables $12 talk-in 146.98 (no PL) Commercial 
Vendors and VE Session Information and reservations contact Alton McConnell, 231- 
862-3774 evenings or nu8|@yahoo.com .Wexaukee Amateur Radio Club, PO Box 163, 
Cadillac, MI 49601 


Announcement 

The twentieth annual meeting of the West Coast Military Radio Collectors Group will 
be held at the NCO Club, at the Camp San Luis Obispo National Guard Base in central 
California on May 1 and 2, 2015. 

This popular event includes a swap meet, field operating events, fox hunt, functional 
displays, technical presentations and Mk 1, Mod 0 Gabfests. Events will begin at 0800 
Friday morning, but early arrivals are welcome in the afternoon on Thursday, Aril 30. 
Registration will open at 1800 Thursday evening. 

Updated information about this event will be posted to http://www.mrcgwest.org and 
the email reflector (go to the website to join the email list). Please see the Camp San Luis 
Obispo web site for more information about logistics and entry to this active base. http:/ 
/www.calguard.ca.gov/cslo/ 

Suggested operating frequencies during the meet are 3870 Kc, 3885 Kc, 7293 Kcand 
144.450 Mc for AM, 3996 Ke and 7296 Ke for USB, and 29.6 Mc and 51.0 Mc for FM. 
The use of 146.52 Mc is recommended for simplex coordination. 

Bring your treasures for field operating, trade, sale or displaying! Find some more! 

Save the date! > 
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ty? The FR-149/USM-159 
Heterodyne Frequency Meter 


Part 1 


pail 


By Joe Long, WA2EJT 
3111 King Street 
Endwell, NY 13760 
WA2EJT59@stny.rr.com 


Introduction 

The FR-149/USM-159 is a 1960s 
vintage heterodyne frequency meter 
covering 125 kc to 1000 Mc. It isa solid- 
state instrument and displays frequency 
directly with no need for a calibration 
book, although it does come with one. It is 
the last ina series of this type of equipment, 
made obsolescent with the advent of general 
coverage Collins receivers starting with the 
51J, and made obsolete with the 
development of frequency counters and 
synthesizers starting in the 1950s. The 
series began in the mid-thirties with the 
BC-221 and the Navy type LM. They 
were replaced by the AN/URM-32 that 
was, in its turn, replaced by the FR-149/ 
USM-159. (From here on I will shorten 
this designation to FR-149). In spite ofall 
of the above electronic advances the FR- 
149 remained in service until quite recently: 
my copy of the technical manual for it was 


last updated on 30 March 2006! 
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The similarities between the earlier 
frequency meters and the FR-149 are 
unmistakable. Anyone who has owned one 
of them could operate the FR-149 with 
hardly a glance at the technical manual, but 
where the BC-221 and LM use octal tubes 
and require a calibration book unique to 
the instrument (the URM-32 uses 
miniature tubes and unique calibration 
book), the FR-149 is transistorized and its 
readout displays frequencies using a film- 
loop readout rather than the vernier dial 
used on the earlier meters. The FR-149 
does come with a calibration book but it 
only lists harmonics, and that makes it 
easier to use on frequencies above its 
fundamental ranges. The upper frequency 
limit of the FR-149 extends 980 Mc 
beyond that of BC-221 and LM, butas we 
will see, much of that extended range is 
useless by today’s (and 1960’s) standards. 
The URM-32 has the same extended 
frequency range as the FR-149 and the 
same (0.01%) accuracy specification. 
Surprisingly, given that it’s a transistorized 
instrument, the FR-149 is similar in size 
and weight to the BC-221 - an accidental 
yank on its headset will not pull the FR- 
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149 off from your test bench. This is not 
so surprising when you compare it to other 
1960s transistorized military gear — the 
Navy R-1051 receiver weighs about 75 
pounds, and I wouldn’t want to carry a 
PRC-47 man-pack transceiver any further 
than from someone’s hamfest table to my 
trunk. Both of these sets used a couple of 
tubes, but that’s not where the weight 
came from. 

I encountered the FR-149 for the first 
time at the 1999 Antique Wireless 
Association Conference where I found one 
on the ground (although not under a table) 
with a $20.00 price tag on it, in what 
appeared to be in perfect/unused condition 
and complete with all of its accessories. I 
had never seen an FR-149 before and knew 
nothing about it, but given the direct 
reading film-loop frequency display and its 
pristine condition, not to mention the 
asking price, I was a dead duck - as I later 
explained to my wife “I couldn’t afford not 
to buy it!” Unfortunately, my FR-149 was 
flooded in 2011 and it was among many 


Figure 1: The “Gang of Four” frequency meters is shown here, the BC-221 


items I had to part with asa result of moving 
to asmaller home on higher ground. That 
FR-149 was one of the few pieces that I 
sometimes regretted having to let go, but 
given its mechanical complexity and film- 
loop dial I know that it was the right thing 
to have done. 

My second chance for an FR-149 came 
around in the summer of 2013. Itall began 
innocently enough when upon returning 
home one afternoon I found a telephone 
message from Rick Dupree (NN2K), a 
long-time ham who had only recently 
developed an interest in vintage equipment: 
“T’m at an estate auction in Newark Valley 
(a 20 minute drive from my house) and 
there isa ton of ham gear—if youcan make 
it you should come outand takea look.” So 
I went out to take a look. Rick went home 
with a van full of vintage and not-quite- 
vintage equipment and I gotasecond FR- 
149 (an FR-149A), this one also appearing 
essentially unused and with all of its 
accessories. 

Heterodyne frequency meters are one of 


"CALIBRATION TABLES 


is on the left, the Navy LM with a homebrew power supply is at the top center, 
the AN/URM-32 (without its case) is at the bottom center, and the FR-149A/ 


USM-159 is on the right. 
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the orphans of the vintage military collector 
community. Many of us have (or have had) 
one, but few of them get much in the way 
of use. As a result, recent articles on 
frequency meters are rare - a search of the 
Electric Radio back issue database turns up 
only two articles in the last 25 years '. One 
of them isa two part review of the BC-221 
while the other involves the LM and 
discusses both cannibalizing it and the 
possibility of converting it into a 
regenerative receiver! In contrast, I put 
together a bibliography on frequency 
meters back in the late sixties where I listed 
fifteen articles on the BC-221, appearing 
between 1948 and 1962 in QST, CQ, and 
73 magazines. No articles on the FR-149 or 
URM-32 ever appeared in any of the ham 


magazines. 

These four frequency meters are a subset 
of the models made for the military from 
the mid-thirties through the sixties, all are 
portable units, and in the case of the BC- 
221 and LM cover 125 kc to 20 Mc, while 
the ANURM-32 and FR-149 offer 
extended frequency coverage. The above 
mentioned range and frequency accuracy 
specifications for the URM-32 and FR- 
149 coupled with the fact that the sub- 
ranges are identical and other similarities 
make me think that FR-149 development 
got started when a proposal originated that 
said “Come up with atransistorized version 
of the URM-32, and make the dial read 
directly in frequency.” There are many 
other frequency meters covering only the 


Figure 2, My FR-149A/USM-159: The earlier FR-149 and the later FR-149B are 
indistinguishable from the front, except for the ID tag 
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Figure 3: Close-up of the ID Tag on 
my FR-149A/USM-159 


VHF/UHF ranges, as well as non-portable 
units, for example, the FR-4/U. The FR-4/ 
U covers 125 kc to 20 Mc (with 0.001% 
accuracy) and although described as 
“portable” in Fair Radio Sales catalogs, its 
weight is listed as 100 pounds — not 
portable in my book, and barely 
transportable. Other hams seem to agree 
with me on this because I have never seen 
an FR-4/U transported to a hamfest. 

The BC-221 is the most common of 
these units and they do show up regularly 
at hamfests, often under the table where 
they get hardly a glance. BC-221s suffer 
from the same lack of attention in the on- 
line auction marketplaces where they appear 
in large numbers, almost invariably with 
zero bids. The Navy LM is less common 
and seems to generate a little more interest, 
probably due in part to its smaller size when 
found without its AC power supply. The 
AN/URM-32 and FR-149 are rare, because 
they must have been produced in far smaller 
numbers than the earlier wartime models. 


FREQUENCY METER 


—— FR-149/USM-159 TRANSIS- 
*“* TORIZED FREQUENCY METER, 
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y 65-1000 MHZ. CAN BE USED 
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Used-reparable $98.80 $75. Cheoked $280 $115 


Figure 4: A classic Dymo-label Fair Radio 
Sales ad for the FR-149, was taken from the 
1984 catalog. 


Electric Radio #310 


It was only in 2014, at the Ithaca, NY 
hamfest, where I finally saw my first AN/ 
URM-32s (the seller had two). The FR- 
149 seems to be somewhat more common, 
but still is not seen too often. 

Frequency meters are difficult to use, 
requiring patience and skill and deservedly 
went out of favor with hams (reasonable 
hams) as soon as frequency counters became 
affordable. Newer hams today, seeing one 
at a hamfest, have no idea of what they are 
looking at and find it hard to grasp that 
there was a time when you couldn’t dial up 
a frequency accurate to the nearest cycle. 
Few older hams show any affection 
(beyond alittle nostalgia) for them and are 
far more likely to offer you the frequency 
meter in their basement than to buy the 
one for sale on your table. 

Fair Radio Sales sold FR-149s between 
1979 and at least 1984 in “used repairable” 
condition for $75.00 and “used-checked” 
for $115.00 in the 1984 catalog. In the 
same year “Government Reconditioned” 
LM frequency meters were offered for 
$24.95. My collection of Fair Radio Sales 
catalogs is missing the years between 1984 
and 1991 and they probably had FR-149s 
during that time, but they were no longer 
listed in the 1992 catalog. On a tip from 
Brown Beezer (W1NZR), who had seen 
several there earlier this year, I contacted 
Fair Radio and learned that as of this writing, 
they have one and possibly more, “used 
repairable” FR-149s for $60.00 plus 
shipping. Brown reported that the units 
were in a “back building” and that is 
apparently the equivalent of being under 
the table ata hamfest. The 1976 Fair Radio 
catalog listed the URM-32 as 
repairable,” 27 pounds, less batteries and 
power supply for $69.95. 

A Short Tutorial 
For those who last thought about 


heterodyne frequency meters fifty years 
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“used 


ago and those who have never thought 
about them atall, I present the following: 
A heterodyne frequency meter is nothing 
more than a REF signal generator (a VFO) 
dressed up with a couple of additional 
goodies—a crystal oscillator, typically 1.000 
Mc, and a mixer/detector coupled to an 
audio amplifier. The crystal oscillator must 
be adjusted to be exactly on frequency, 
which is usually done by zero-beating it 


against WWYV. The crystal oscillator is then 
used for calibrating the frequency meter 
itself. That is required because the VFO in 
a frequency meter is carefully made to have 
a precisely linear relationship between 
frequency and dial reading, but this 
relationship cannot be made exact, so that 
is where the mixer comes in. The mixer 
actually has two functions, and the first one 
is calibration of the frequency meter. For 


Figure 5, The Modulator/Crystal Oscillator Board: The modulator and dial lamp power 
circuit is on the left, the crystal oscillator is on the right. The inductor at the upper right 


is part of the oscillator tank. 


Figure 6, The Audio Board: The standoff mountings for the transistors are visible around 
the edges of the transistors. 
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calibration, the output of the mixer is used 
to produce an audible beat note (this is the 
“heterodyne” part of “heterodyne 
frequency meter”) between the VFO 
fundamental (or a harmonic) and a 
harmonic of the crystal frequency. 
Adjusting a front panel VFO trimmer, 
typically marked “calibrate” to produce a 
zero beat, puts the VFO exactly ona known 
frequency. [he VFO will now generate RF 
with excellent frequency accuracy near the 
calibration point. The frequency meter can 
then be used as a signal generator to 
accurately set up a receiver on any frequency 
near the calibration point. Most frequency 
meters have a modulator for use when 
setting up a receiver without a BFO. The 
second function of the mixer is to set a 
transmitter exactly ona desired frequency. 
To doso, the frequency meter is calibrated 
as above ata point near the desired transmit 
frequency. The transmitter output is then 
loosely coupled into the frequency meter 
and thus to the mixer. The transmitter 
frequency is then varied to produce a zero 
beat between the transmitter and the 
frequency meter VFO. Used in this way, 
the frequency meter functions as a 
laboratory-type, direct-conversion receiver. 

The frequency accuracy of the VFO 
decreases as you move further from the 
crystal calibration frequency, and that is 
why multiple calibration points are required 
throughout the range of a frequency meter. 
These calibration points use harmonics of 
both the VFO and the crystal oscillator. 
3.600 Mc is a typical calibration point — 
the fifth harmonic of the VFO at 3.600 Mc 
falls at 18.000 Mc that beats against the 
18° harmonic of the 1.000 Mc calibration 
oscillator. 

Before there were heterodyne frequency 
meters, frequency measurements were made 
with what amounts to an absorption wave 


meter-—similar toa grid-dip meter operating 
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in “diode” mode. These devices were 
commonly referred to as “wavemeters,” 
reflecting the fact that in early radio 
“wavelength” was more commonly used 
than “frequency” to characterize a signal. 
These instruments are far less accurate than 
heterodyne type frequency meters, but 
remained in service from the dawn of radio 
through WWII, and beyond. The General 
Radio model 724-A is an example ofa high- 
end wavemeter. An Internet search for 
“wavemeter will find this unit, and other 
examples made for ham use, which 
consisted of nothing more than a tuned 
circuit and a light bulb. 
Hardware 

There are three variants of the FR-149 — 
the original FR-149 and the FR-149A and 
FR-149B. The differences are small, the 
most significant being that the A and B 
models use newer transistors in the VFO 
and buffer stages for the highest frequency 
range, and add trimmer capacitors for the 
calibration crystals. The FR-149 measures 
11% x 13 x 11% inches and weighs 28 
pounds. I had assumed its case was the same 
size as the URM-26 signal generator, but 
the FR-149 case is slightly smaller. The 
front cover, where the operating accessories 
are stored, is held in place by four latches. 
The frequency meter chassis is held in the 
case by six captive screws on the front and 
two more on the rear. There are no 
ventilation holes in the case. Because it isa 
laboratory instrument there was no attempt 
to make it waterproof or splash proof with 
the cover off, but there is a rubber gasket 
between the cover and case, which would 
keep it dry with the cover in place and 
latched. I had never removed the FR-149 
from its case until it came time for some 
photographs for this article. Sealed as well 
as it is, the interior is in pristine condition, 
without even any detectable dust. 


Unfortunately, the unit is so solidly 
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constructed and shielded that little of the 
mechanical construction is visible and 
would require some disassembly to see it. 
The front panel has all operating controls 
and the AC receptacle. A BNC antenna 
jack and ground post are better for 
connecting to the unit than is the antenna 
post on the BC-221 and LM. The 
calibration book is located below the front 
panel and slides out for access. A metal rod 
runs through the comb binding on the 
book to prevent removing it from the 
instrument, which explains why it is always 
found with the FR-149. It includes 
condensed operating instructions as well as 
the harmonic listings. A battery interlock 
switch is located above the voltmeter and 
disconnects battery power when the front 
cover is in place, a nice way to save the 


batteries and prevent a mess in the battery 
compartment, especially important in the 
days of zinc-carbon batteries. The front 
cover accessories include a short insulated 
antenna, a headset with an extender cable, 
a power cable, and other miscellaneous 
items. 

The construction is conventional and 
similar to tube-type equipment of the time, 
except for the printed circuit boards. There 
is a U-shaped chassis of 0.090 inch 
aluminum with a rear panel made of the 
same material, and thinner side panels and 
bottom cover. The front panel is 1/8th 
inch aluminum and attached to the chassis 
with four machine screws. Handles on the 
front panel allow the FR-149 to be placed 
face down for servicing. The tuning 
capacitor ts silver plated and sits in a heavy 
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Figure 7: Illustration originally titled “Interpretation of Film Strip” in the Technical 
Manual. Note that on Range A the minor calibration marks are at intervals of 10 CPS; 
the frequency can be estimated to within about 2 CPS. On Range B the minor calibration 
marks are at intervals of 200 CPS, about the same as an R-390, while on Range C they are 
at 5 kc intervals. This illustrates how the absolute frequency accuracy decreases as the 
frequency goes up, while the relative accuracy remains constant at 0.01%. 
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bronze casting, which is attached to the 
chassis. This assembly is shielded within a 
silver plated enclosure. All of this metal 
accounts for most of the weight of the FR- 
149. 

The film-loop assembly is removable as 
aunit, and that is required ifthe film has to 
be replaced or develops other problems. It 
is built as robustly as the rest of the chassis 
and is a complex device in its own right 
(containing some 150 parts), with 
everything supported between two 
aluminum side panels. A dial mask that 
displays only the band in use isa part of this 
assembly, and is mechanically linked to the 
band switch. The film loop and VFO 
capacitor are ona common shaft driven by 
a right-angle drive coupled to the tuning 
knob. It takes about 75 turns to cover the 
tuning range. Amazingly, all three ranges 
end at the same point, within a fraction of 
a turn. [he magnifier for the film-loop is 
attached to the front panel and is not an 
integral part of that assembly. On the lowest 
range the film scale is marked at 100 cycles/ 
second (CPS) increments, with minor steps 
of 10 CPS. On the middle range the 
markings are every | kc, with minor steps 
of 200 CPS. On the high range the 
increments are 50 kcand 5 kc respectively. 
There is no detectable backlash in the 
tuning system, but there is a tiny amount 
of play in the shaft connecting the tuning 
dial to capacitor/film-loop shaft. You do 
have to be careful about parallax error that 
can result in being off by up to a couple of 
hundred CPS on 75 meters. This is not a 
problem on the more conventional dials on 
the BC-221 and LM. The FR-149 comes 
with what I had thought was a spare film 
loop, but the container is marked with this 
notice: “Master Film — For Reproduction 
Only — Do Not Use in Equipment.” This 
is an odd instruction — if you need a spare 


part, you need it now. It is hard to imagine 
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that service techs would have paid the 
notice any attention and in any case, spare 
film loops would have been available in the 
stock room. This warning is shown in the 
under-chassis photograph in the later of 
my two FR-149 manuals but not in the 
earlier one. Fortunately, the remaining FR- 
149s get little enough use and their film 
loops will not be wearing out any time 
soon. 

Most components are mounted on six 
fiberglass-epoxy circuit boards with each 
component identified via silk-screened 
lettering. Two clues to the age of the boards 
are that all of the transistors are metal and 
that their leads, instead of being soldered 
directly to the board, are soldered into 
small standoffs. The FR-149 uses only 
twelve transistors, all PNP germanium, 
distributed over the six cards. Some of the 
transistors in my unit were made by GE 
with the others not identified by 
manufacturer. At the time that the FR-149 
was in development, the transistor had 
been invented only about ten years earlier, 
and when new ones were developed they 
were often announced in magazines the 
same way that tubes were — the 2N502, 
used in the FR-149 mixer was announced 
in the May 1958 issue (page 126) of Radio- 
Electronics magazine? . It was not many 
years until new transistors were developed 
in such profusion that these announcements 
disappeared, except in special cases. As of 
this writing there are Intel and IBM 
integrated circuits with some 4.5 and 5 
billion transistors respectively, leaving the 
FR-149 with its twelve transistors in the 
dust. No doubt within a couple of years it 
will be twice as far behind. 

My FR-149A was manufactured by 
Spedcor Electronics Inc. with a 1967 
contract date and serial number 1075. I 
have specific information on onlya couple 


of additional FR-149s. Bill Smith (N9TT) 
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has an earlier (non-A) unit, manufactured 
by Lavoie Labs, s/n 16, with a 1963 
contract date. Dean Gagnon (K1KK) has 
an FR-149A with the same contract date as 
mine, s/n 264. Brown (W1NZR) has an 
FR-149, manufactured by Florida 
Communications & Electronics Inc., s/n 
157, with an “A” suffix. The data plate on 
Brown’s indicates a 1968 contract date and 
my guess had been that the “A” suffix 
indicates that his unit is actually an FR- 
149A, but while troubleshooting his unit 
Brown found that there were no trimmer 
capacitors on the calibration crystals, making 
his FR-149 a non-A model. Charlie Di 
Cecca (KAIGON) has an FR-149 
manufactured by Dero Research & 


Development Corp. with a 1963 contract 
date and s/n 782. 
Design History 

Lavoie Labs was a small manufacturing 
company started by Steve Lavoie, in business 
from the forties through the sixties and 
located in Morganville, New Jersey. See 
reference 3 fora little more information on 
the company, and examples of other 
equipment they made. Spedcor Electronics 
was also located in Morganville and seems 
to have come into being as Lavoie Labs was 
disappearing, probably with a transfer of 
assets from one company to the other - my 
Spedcor FR-149 contains a number of 
components labeled “Lavoie Labs.” I found 
little further information on Spedcor except 
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Figure 8, Bottom of Chassis: The high frequency VFO components are in the 


box at center, the audio board is at the upper left with the spare film-loop 
canister just blow, the crystal oscillator/lamp-modulator board is at the 
bottom, the glowing ballast lamp is at the upper right, with the regulator 
board just to its left. The ballast lamp filament is glowing a dull orange, 
dimmer than it appears in this photograph. 
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for several patents issued to it in the mid- 
to-late sixties. A search for Florida 
Communications & Electronics, Inc. 
turned up a company by that name, now 
inactive, which was incorporated in April 
1967 and located in St. Petersburg. Dero 
Research was incorporated in New York is 
also inactive. In 1972 Dero Research was 
listed as a manufacturer of ultrasonic 
cleaners, and the company name appeared 
on the VLF version of the SP-600. The 
name also appears on a manual for the 
R892/URR-44, a Navy morale-type 
shipboard receiver, which looks almost 
identical to the RBO. From what I have 
found about these four companies, my 
guess is that Lavoie Labs did the design 
work on the FR-149 and from the limited 
serial numbers I have seen, several thousand 
FR-149s 
Manufacturing FR-149s does not seem to 
have been a very good business, which is 
understandable, given that in the sixties 
the end of the line for heterodyne frequency 
meters was within sight. 
Circuitry 

From an electronic perspective the FR- 
149 is a simple device, made up of only 
three oscillator-buffers, a mixer, a 
modulator, an audio amplifier and a 
regulated power supply. This simplicity 


must have been made. 


makes sense because it provides the same 
electronic function as the first generation 
BC-221 and LM. 

The FR-149 can be powered from either 
110-250 VAC or batteries and will 
automatically switch between sources. 
Amazingly, for a piece of military gear, it 
uses six ordinary “D” Cells. With batteries 
it draws 50 mA, and on 110 VAC uses 
about as much power as a night-light — it 
employs 1/16 amp fuses, one in each leg of 
the AC line. The AC input connector is 
configured for a three-wire cord. The 


supplied power cord has one of the plugs 
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where the ground prong can be used, or 
pivoted out of the way. Some of the AC 
power is dissipated in a six watt ballast lamp 
that is in series with the primary of the 
power transformer and serves as a current 
limiter, see figure 8. I had assumed the 
110-250 input voltage specification meant 
that there were dual windings on the power 
transformer primary — not so! It turns out 
that the ballast lamp permits operation 
over the 110 to 250 volt range without 
having to adjust anything. Of course, I had 
to investigate this a bit further and opened 
up the FR-149 (yet again) and found that 
at 110 volts the lamp filament was a dull 
orange, while at 250 volts it glowed quite 
brightly. At 115 volts the bulb is just 
barely warm to the touch —at that dissipation 
I don’t think I will be in need of a 
replacement bulb any time soon and | 
believe that the small amount of heat from 
the lamp will help to keep dampness out of 
the instrument — an added bonus. 

The FR-149 uses two separate VFOs for 
the three ranges. One VFO is used on the 
two lower ranges (125 kc- 5 Mcand 5 Mc 
- 65 Mc) while the other is used for the 
highest range (65 — 1000 Mc). In the 
manual the two VFOs are referred to 
respectively as the “low frequency oscillator” 
and “high frequency oscillator.” The 
tuning capacitor has two sections, one isa 
conventional type for the two lower ranges, 
the other is a split-stator type for the 
highest. The low frequency oscillator is a 
tickler-feedback type using a 2N700 
transistor with a2N501 buffer amplifier. 
There are separate inductors and trimmers 
for the two ranges. These inductors are in 
a hermetically sealed box along with a few 
capacitors and one resistor. The inductors 
are factory adjusted for low frequency 
tracking and when problems develop with 
any of these components, for example, if 


the accuracy specification cannot be met or 
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the built-in humidity indicator has 
changed color, the entire box must be 
replaced. No details on these inductors or 
other components in the box are given in 
the manual. 

The high frequency VFO usesa2N700A 
transistor ina Colpitts circuit with a second 
2N70A as a buffer. Later versions of the 
frequency meter (the FR-149A and FR- 
149B) use a newer transistor, the 2N3282, 
in the VFO and buffer stages. The inductor 
isaself-supported, silver-plated, two-turn, 
air-wound coil (L1) that, in contrast to the 
low frequency VFO inductors, is neither 
factory sealed nor enclosed, and is in fact 
visible on the underside of the chassis. If 
the high frequency oscillator does not track 
properly, correcting it isa possibility. The 
section in the manual on adjustment of the 
VFO contains this instruction: “...spread 
or compress L1 to obtain proper tracking.” 
This tracking adjustment requires checking 


at 27 crystal check points, and if the 
corrector (Figure 9) will not zero-beat on 
all of them you get to play with both L1 
and/or its trimmer capacitor, and try again. 
I suspect that attempting this process could 
result in your having a very bad day. 

The crystal oscillator is a Colpitts and 
drives a buffer stage, which is then output 
to the mixer. The oscillator and buffer 
stages both use 2N501A transistors. Two 
crystals are used, 1.0 Mc for the lower 
ranges and 2.5 Mc for the 65 to 1000-Mc 
range. Diodes are used to clip signals from 
both VFOs and from the crystal oscillator 
to generate the required harmonics. A 
2N502A is used as a combination mixer 
and first audio stage. A three stage audio 
amplifier, using three 2N526s, is driven by 
the mixer and produces the audio output 
required for calibrating the frequency meter 
and for zero beating a transmitter in setting 
it to a desired frequency. 


Figure 9: The two turn coil (L1) for Range C and the “Corrector” capacitor, 
is on the right. The corrector is a beautifully machined little variable. The 


transistor for the Range C VFO is just visible at the bottom-center area, in the 
highlight. 


42 Electric Radio #310 


March2015 


The voltage from both the battery and 
the AC supplies is routed through a 
regulator circuit that consists ofa 2N1039 
pass transistor anda Zener diode. The AC 
supply uses a full wave rectifier anda large 
electrolytic capacitor to drive the regulator. 
The front-panel meter monitors the voltage 
on the input side of the regulator circuit 
and is uncalibrated, showing only red and 
green markings, with the demarcation at 
about seven volts. The voltmeter circuit is 
simple — a milliammeter with a series 
precision resistor to make it a voltmeter. I 
assume that the unregulated voltage is 
displayed because it will provide an 
indication of either falling battery voltage 
as the D cells are depleted, or of a too-low 
line voltage. Connected in this way the 
voltmeter will not indicate anything being 
amiss ifa problem with the regulator circuit 
develops but this is a good engineering 
decision because dying batteries are much 
more likely than a failing regulator. 

There is one clever engineering trick in 
the FR-149. With a film-loop readout you 
need illumination behind the dial to be 
able to read the scale. Inan instrument that 
might be run for long periods on battery 
power, incandescent lamps would not have 
been practical because they would have 
used more power than the rest of the 
circuitry —a #47 lamp is rated to draw 150 
mA at 6-9 volts. Incandescent lamps have 
a finite lifetime and will always fail at the 
worst possible moment. There were 
certainly lower power bulbs available but 
the finite lifetime problem would likely 
have been even worse with such lamps. 
Some readers may remember eight inch 
floppy disk drives that used an incandescent 
lamp/photo transistor for track/sector 
identification. In the late seventies I hada 
Processor Technology “Sol 20” computer 
with a “Helios” disk system, which used 


such drives, and those lamps were the most 
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common cause of problems with that 
computer. This brings to mind another 
interesting computer problem - I used the 
Sol and other pre-IBM PC computers in 
the chemistry department where I taught. 
Apparently the atmosphere in the labs was 
a bit corrosive, because I experienced 
recurring problems with 54-inch floppy 
disk drive motors that would seize up. After 
a number of these failures I found that 
lubricating the motor shafts with light 
machine oil would restore them to operation. 
Oiling them every couple of months kept 
them working just fine. 

In the FR-149, the designers worked 
around the incandescent lamp problem by 
using a900 CPS oscillator to drive a step- 
up transformer that provides voltage to fire 
a couple of neon lamps to illuminate the 
dial. In this service the neon lamp lifetime 
should be essentially infinite. And as an 
elegant bonus, they use the same oscillator 
as the modulator —neat. 

Part 1 References: 

1. Skip Magnuson, W7WGM, The BC- 
221, The SCR-211 Frequency Meter Set, 
ER #237, 2/09, and ER 263, 4/11 and: 
Michael Runyan, KK7F, The LM Magic, 
Memory, and Frequency Meters, ER#67, 
11/94 

Radio News Master Page Guide.htm 


This web site has scans of decades of radio 
magazines —a first class archival source, and 
the scans are word searchable. 


3. From http://www.radiomuseum.org/ 
dsp_hersteller_detail.cfm?company_ id=8568 


[Editor’s Note: Part 2 will appear in next 
month’s issue #311.] 
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Hi Ray, 

There was a recent thread on the Collins 
Collector Association reflector this week that 
is worth some attention. Here’s the “copy 
and pasted” thread: 

“About two weeks ago I reached out to 
our members looking for Collins equipment 
that could be used in a ham radio station 
that is being developed at the Dayton, 
Ohio VA Medical Center. I am the 
Emergency Coordinator for this VA and in 
charge of developing emergency and 
recreational ham capability on campus. 

“Shortly after this posting, Peter 
Wittenberg K2LRC (one of our well known 
and respected Collins repair experts) came 
forward with the donation ofa complete S- 
Line station. 

“I want to openly thank Peter and make 
all our members aware of this kind gesture. 
It will be used to the benefit of our Veteran 
hams, as well as interested Veterans, who 
visit the station and see equipment that 
they may have used to call home from 
Vietnam or other locations while serving in 
the military. 

“Thank you Peter for this generous and 
thoughtful help to the Veterans.” 

John, WA5FAC 

John M. Mathis, M.D., M.Sc., Chief: 
Therapeutic and Diagnostic Radiology 
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Associate Chief of Staff: Education Dayton 
VA Medical Center 

Some remarks that followed: 

¢ Wow! What a nice gesture for the 2% 
who protect the other 98% of us! 

Many of the Veterans we serve in the VA 
are desperate for something to find of 
significance or interesting in their lives that 
will help them through hard times (whether 
that be physical or mental). Ham radio is 
both recognizable and interesting to this 
population. Something where a guy in a 
wheel chair can travel the world or talk to 
another person who can appreciate and 
share life’s stories. It provides a way to 
volunteer in emergency service or MARS 
and feel like you have a purpose. 

¢ Yes, this gift is more valuable than the 
dollar value it represents. Jm 

John M. Mathis, M.D., M.Sc. 

¢ What a wonderful, unselfish act, 
helping those who we can never replay for 
what they did for us. 

I think we all need to be reminded of acts 
like this to keep the true spirit of ham radio 
alive, and remind us of our debts to our 
fraternal forbearers. 


73, Gary Halverson, K6GLH 


March2015 


Hi Ray, 

Thanks fora wonderful magazine. I love 
the old radios (I used R-390As from 1972 
to 1979 forthe old A.S.A. - Army Security 
Agency). It was a very nice receiver, it could 
hear signals way, way down in the “bottom 
of the barrel” and right next to huge signals. 
mo me,.Collins, Drake; National, 
Hallicrafters, Hammarlund, Etc. were 
national treasures. To me, Electric Radio 
(and its first and second editors) are in 
many ways “national treasures that record 
the history of radio and electronics from the 
early days to the end of the tube era. Every 
issue, just inside the cover, tells the goals of 
Electric Radio. | often read page 42 of the 
December 2009 ER, the introduction to 
the review of the HRO-G0. Paragraphs 1 
and 4 just about are the best review of all 
manufacturing in the United States: 
“National’s HRO “Sixty” isa high-quality, 
high-performance receiver that should be 
respected for being made during a time 
that will not come again; the post-WWII 
period when American design and 
manufacturing was at its peak, providing 
jobs and radio equipment for thousands. 
They represent our mutual heritage and 
everything from this era needs to be 
preserved wherever possible. 

“Tam thankful that Jim Millen and his 
staff started the HRO legacy in 1934 with 
the first HRO production run, which was 
based on his earlier work, the 1931 AGS 
receiver.” 

All the autos, tools, consumer goods were 
made here and sold world-wide, even with 
huge protective tarriffs by our “trading 
partners.” We made itall here and sold itall 
over the world. As you said, Ray, “made 
during a time that will not come again.” 


Besides, those old radios looked good. 
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My favorite was the ITT MacKay 3010-B. 
(It looked better than a steak dinner!) 
Thanks for a great magazine. 


73, Bill Wilson, Ex-KAGAMF 


Hi Ray, 

I’ve been very busy here but found time 
to look over the recent issue of ER [ER 
#309]. The article on the NCX-5 was very 
good but I would like to add an experience 
I had to it. I picked up a NCX-5 in nice 
shape with power supply at NEARFEST a 
few years ago. It had some problems, mostly 
dirty switches etc., but it would not transmit. 
I located the problem to a sensitive high- 
voltage, multi-pole relay. (This was one of 
those relays used in the plate circuit of a 
control tube in the VOX circuit.) The 
contacts were just all messed up and looked 
like someone tried to clean it, but the real 
problem was that over time it lost its 
sensitivity and was intermittent in 
operation. I tried everything to make it 
work. I could not finda replacement relay 
but there were plenty in 26 volt DC (that 
appears to be an industry control voltage) 
that was a direct plug-in to the socket in the 
NCX-5. So to overcome the problem I 
installed a single-pole sensitive relay, 
replaced the multi-pole sensitive relay with 
a 26 volt relay (direct socket replacement) 
and constructed a voltage doubler from the 
12 volt filament system. The normal control 
for the relay controlled the SPST sensitive 
relay and that switched the 26 volt relay. 
Worked like a charm. 

73, Ob, ern 

Robert Vincent 

DLM Antenna Technology 


ER 
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Article Update: Upgrading Receiver AGC in the 
National NCX-5 MK II 


By Ken Crosher, KGFC 

1448 Watervale Road 

Arcadia, MI 49613 

Schematic Diagrams by the Author 


Introduction 

In ER #309 I wrote about restoring an 
NCX-5 MK II. That work focused on the 
transmitter section because the receiver 
basically worked. I didn’t like the receiver 
AGC action, however, and noted at the 
end of that article that modifying the radio 
for delayed AGC would likely be an easy 
task. This article describes what was done 
to accomplish that goal and at the same 
time improve the overall AGC and S-meter 
function. Additionally, Pl describe a minor 
change to the radio to cure an oscillation 
problem associated with the sensitivity 
improvement described in the earlier article. 

As in the 
identification of component and wiring 
call-outs is based on the NCX-5 MK II 


schematic and data as downloaded from 


previous write-up, 


the Boat Anchor Manual Archive Internet 
site (BAMA). 
S-Meter Action 

Whenever the NCX-5 was powered up, 
the S-meter zero adjustment seemed to 
require constant “tweaking.” Using a 
VTVM to monitor the AGC voltage with 
no signal applied showed a slight variation 
around zero volts on the AGC bus. Negative 
readings tracked with receiver noise (RF 
gain-control setting), but the positive 
readings were variable and likely came from 
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minuscule leakage from DC blocking 
capacitors (and perhaps tube contact 
potentials) combined with a very high 
impedance circuit. In addition to the plan 
for adding delayed AGC, I decided to add 
a small fixed negative bias to the AGC bus 
to remedy this situation. 

In the earlier article I noted the addition 
of a 0.33 pF capacitor to the AGC circuit 
to increase the time constant of the AGC 
bus. As I started looking at the AGC system 
I was a bit puzzled that so much capacitance 
had to be added to the 0.1 pF capacitor 
already in place. As I continued to trace the 
AGC lines I found the answer in the 
circuitry around V15, a 12BA6, that 
amplifies the output of F1, the 6.02 MHz 
crystal filter. 

This stage operates asan AGC controlled 
amplifier in the receive mode and as an 
ALC controlled stage in the transmit mode. 
D12, described as the “ALC Gate” (and 
inaccurately identified asa 1 N484) simply 
keeps the ALC voltage from being 
grounded by the T/R relay in the transmit 
mode; but in the receive mode it is forward 
biased by the AGC voltage, and following 
wire 27 in the schematic, takes the AGC 
bus to ground through series resistors R34 
and R35 in the ALC circuit. Those two 
resistors add 1.1 Megohms of parallel 
resistance to R86, the 4.7 Megohm resistor 
in the AGC circuit. At first glance one 
thinks the time constant is controlled by 
R86 in parallel with C146, a0.1 pF cap: in 


actuality the parallel resistance is more on 
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the order to 900k, thus the short time 
constant noted in the earlier article. 

One wonders if the “as-built” circuit at 
V15 wasan error in design implementation. 
The fact that D12 (in its original location) 
certainly was not a “gate” is a clue. In 
addition, the actual pre-modification wiring 
did not match the schematic diagram. 
Resistor R137 connected wire 27 directly 
to R60, and D12 connected to R60 without 
R137 in series. 

AGC Circuitry Changes 

The circuit changes necessary to address 
these several issues are easily implemented 
and most of the new parts were mounted 
on a three lug terminal strip and two 
insulated standoffs on the inside rear apron 
of the radio. 

Figure 1 shows the schematic diagram of 
the new circuitry and figure 2 is a photo of 
the rear apron. 


The new resistors can be quarter or half 
watt units as power dissipation is minimal 
and the .01 pF and .001 pF bypass 
capacitors are disc ceramics. The 0.1 pF 
capacitor, because it helps define the AGC 
time constant, must bea high quality, low 
leakage unit. The 1N297 diodes are already 
used in the radio and are fine in the 
application, but D7 and D12 have to be 
relocated. 

Delayed AGC 

The 150-k, 620-ohm divider puts about 
0.6 volts of back bias on the AGC detector 
diode, D6, thus it won’t begin conducting 
until the signal voltage exceeds about 0.8 
volts (back bias plus diode forward voltage 
drop). 

AGC Bias 

The 82-k, 560-ohm divider puts about 
0.3 volts of fixed negative bias on the AGC 
bus (0.55 volt from divider minus the 
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to AGC Bus 


ALC/AGC FIX 


to Pin 1 V15 to AGC Bus 
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01 


GD 


to ALC Circuit 


Figure 1, New AGC and ALC Circuitry: The numbers in ellipses refer to wire IDs on the 
schematic diagram. Any component without an accompanying part number is a new part. 
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Figure 2: Rear apron of the NCX-5 MKII, showing component locations. 


diode forward voltage drop) prior to the 
onset of signal derived AGC from D6. This 
slightly reduces receiver gain but stabilizes 
the S-meter zero. 

AGC/ALC Interaction 

To correct this problem, remove R137 
and relocate D12 to where R137 had been 
installed (watch the diode direction), add 
the 1 Megohm resistor to where D12 was 
previously located, and install anew .01 pF 
disc cap from the cathode of D12 to the 
adjacent ground lug. The 0.1 pF cap 
between wire 128 and ground does 
improve the AGC hang time and is 
recommended. There is no need for the 
0.33 pF cap in the AGC system as suggested 
in the earlier article. 

The AGC bus is now isolated from the 
ALC circuitry by D12 and the ALC voltage 
from the final amplifier is developed across 
the new 1 Megohm resistor. Note: The 
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ALC voltage at the control grid of V15 is 
reduced by about 20% due to the voltage 
drop across R35 in the ALC circuit, but no 
ill effects in transmitted signal have been 
noted. If desired, R35 can be reduced in 
value or removed to maintain the 
unmodified ALC level. 
Performance 
Using an HP-8640A signal generator | 
made the following measurements. These 
numbers tracked closely from band-to- 
band. 
¢ Minimum Discernible Signal: Lessthan 
OL iM 
¢ AGC Threshold: Approximately 2 pV 
¢ Input Level For S-9 Signal Strength 
Reading: Approximately 20 pV 
¢ Increasing Generator Output 10 dB, S 
Meter Reads 20 dB Over S-9 
¢ Increase Generator Output 20 dB, S 
Meter Now Reads 33 dB Over S-9 
¢ Increasing Generator Output 30 dB, S 


March2015 


Meter Now Reads 41 dB Over S-9 

The above modifications make the 
receiver easier on the ear” and clean up the 
zero-set problem with the S-meter. The 
readings above S-9 are not particularly 
linear, but probably as good as other 
receivers of the era. Once again, errors in 
the design implementation are evident as 
well as deficiencies in documentation. 

An Addendum: 
The Oscillating RF Stage 

In the earlier article I noted how the 
receiver sensitivity was affected by the 
addition of a 150 ohm resistor from the 
“cold” end of the RF gain control to ground. 
I removed this component and the 
sensitivity really improved. During the 
course of the current work I found out why 
National had added the resistor. At one 
point I removed the coax cable going from 
the radio to the dummy load and found the 
S-meter indicating a strong signal! Without 
a reflected load at the pi-network input, the 
Ist RF stage, V11, began oscillating at 
about 350 kHz. When the 150-ohm 
resistor was reinstalled the oscillation 
stopped. The additional bias on the tube 
developed by this resistor reduced the gain 
of the stage to a point where it would not 
oscillate. 

This situation was a result of National’s 
effort to reduce component count. The PA 
driver output tuned circuit also constitutes 
the output circuit of the 1st RF amplifier in 
the receiver. The input to the Ist RF 
amplifier comes from the high impedance 
side of the PA pi-network. The PA driver 
(also 1st RF) tuned circuits connect to the 
same point through C15, the PA 
neutralizing adjustment. With no load at 
the pi-network output, the impedance 
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reflected back to C15 is quite high and 
C15, missing the “swamping” from a 
terminated network, now couples enough 
energy from the plate of V11 back to its 
control grid to sustain oscillation. 

R147 isa22 ohm resistor that connects 
the plate of V11 to the band tune circuits 
and is probably there to kill oscillation at 
the operating frequencies. Unfortunately, 
C184 (part of the neutralization voltage 
divider) and L13 (isolates the “cold” ends 
of the tuned circuits from AC ground) 
forma hi-Q parallel resonant circuit in the 
plate of V11 ata frequency far lower than 
the amateur bands. C15, though small in 
value, feeds enough energy back to the 
control grid to turn the Ist RF stage into an 
oscillator! 

I considered several fixes, but the easiest 
one was to increase the value of L13 from 
the noted 220 nH to 1 mH. The resonant 
frequency of L13/C184 is now lowered by 
a factor of at least two, the larger choke has 
lower Q, and the reactance of C15 more 
than doubles: all of this reducing any 
feedback to a point where oscillation does 
not occur. 

The improved sensitivity gained by the 
removal of the 150 ohm resistor is thus 
maintained and the receiver is now 
unconditionally stable. 

Tam hoping theseare the last modifications 


I make to this radio! 
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Advertising Information 
Email is prefered for receiving ads. To avoid disappointment, 
don’t wait until the last day to submit ads. Subscribers 


receive 1 free 20-word ad per month. Extra words are 20 cents. Ads run ONE 
month unless otherwise requested. “For Sale” or “Wanted” and all of your contact 
information counts as 7 words. Thatleaves 13 words forthe description. Hyphenated 
and slashed words/numbers count as 2 words. Please count the words in 
your ad as described above, and if you are over 20 words, send 
payment for the extra words at .20 each. Note: Not all readers use email, 


so include phone numbers if a response is desired. Non-subscribers: No 
Free Words. $5.00 minimum for each ad up to 20 words. Each additional word is 
50 cents. 

Please Call or Write for Display Rates .o6 


| VINTAGE EQUIPMENT ONLY! ) 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 


Telephone: 720-924-0171 


Email: 


Ray@ERmag.com (Emailed ads Preferred) 


SERVICE FOR SALE: Repair and 
restoration on all vintage equipment; over 
50 years of experience. Barney Wooters, 
W5KSO, 8303 E. Mansfield Ave., Denver, 
CO 80237. 303-770-5314 


MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or (best) email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 
FOR SALE: T-368 modulation xfmr, 
currently in use at 2 kV, $50 plus shipping. 
Carl Wolfe, W2IQK, 845-697-5135, 
w2iqk @juno.com 


FOR SALE: Collins 20V-2 transmitter on 
1885 kc, $2,000. GR model 1931A AM 
modulation monitor, $350. Bird Termaline 
500 watt dummy load, $150. R-390A 
receiver by EAC, $600. Roy Schneider, 
KB7JPL, 520-349-1749 


FOR SALE: R-392 Collins receiver, $300. 
T-195 100W transmitter, $150. T-195 
parts, $100. Pick up only in NE Ohio. 
Please Call for details, Call John, 440- 
243-8119 in NE Ohio. 


International radio 


High Performance Crystal and Mechanical Filters for your Collins, 
Drake, and Heath Radios! 


a PO Box 2110, Aptos CA 95001, USA 
SS tel: 1-831-462-5511 fax: 1-831-612-1815 
e-mail: sales@inrad.net web: www.inrad.net 


a 
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Digital VFO 


Memories 
Replaces 
Crystals 


included « Plug N Play 


FOR SALE: Hallicrafters HT-32, $125. 
Viking Valiant with audio mods, $200. 
Two Heathkit Apaches, $100 each. HQ- 
170, $150. Allied AX-190 receiver, $100. 
R-392 receiver with power supply and 
speaker, $150. Tecraft TR-20-50 6 meter 
AM transmitter with power supply, pictured 
on page 269 of “Tube Type Transmitters” 
2™ edition, $35. Ed Fluehe, WA7DAX, 864 
Arrow St, Tooele, UT 84074, 801-598- 
9217 


COLLINS S-LINE & DRAKE R4 SERIES 
GENERAL COVERAGE 


VFO 1000 / Collins or Drake 
Uses The Latest Direct Digital Synthesizer Technology 


30 tunable BANDS (memories) * Memories easily re-assigned 
Your favorite net frequencies * General coverage of shortwave 
broadcast bands « Use instead of crystals * Use VFO 1000 for all 
tuning « Tuning steps 10Hz, 100Hz, 1KHz, and 5KHz « Blue 
backlite white characters « No mods to receiver « Every thing 


More Info & Order At kk4pk.com « $250.00 + 10 S/H 
Electronic Specialty Products LLC 
3054 Moore Drive « Oviedo, FL 32765 


FOR SALE: TCS complete original set, 
very fine, and working properly, includes 
transmitter, receiver (w/shock mounts), 
remote control, antenna coil, 115-230 volt 
AC supply, 12 volt DC (dual dynamotor) 
supply (never used), all original factory- 
correct cables with plugs in perfect 
condition, TS-13E “push to talk” handset, 
CMX-23270 TCS-to-field phone coupler, 
complete original manual, all very fine. 
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Accuracy 


Stability 


Digital 
synthesizer 


=< 


National NRAO receiver very good 
(essentially the sliding coil version of the 
HRO). WWII era - probably Navy order. 
Serial 9 - (rare, fine, and heavy! James 
Millen 90831 and 90800, both fine. BD-72 
12-line WWII field telephone switchboard, 
fine, heavy! RU-16 TRF receiver, many 
coils (195 kc. to 13.575 Mc). AN/FRR-23 
(2-32 me.) mint complete w/ special cable, 
spares, & manuals. QST 1924-1976 
complete. Radio News magazine, - all 
issues, complete. BC-222 and BC-322 
complete. Fine Scott Phantom, Braemar 
6L6s. John Field, 831-423-1397 or 
jafdf @ yahoo.com 


FOR SALE: National HRO-500 in 
excellent, working condition. Local pickup 
ONLY. $850.00 firm. Dave Minchella, 
KE2GE, Rochester, NY 585-467-6224, 
ke2ge @ yahoo.com 
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FOR SALE: Hammarlund SP-600 JX-17 
Receiver. Receives signals with good 
sensitivity when antenna attached. Great 
audio. Includes Hammond cabinet—all 
very clean and has the red knobs. The dial 
lock nut is missing, otherwise a fine 
working receiver. Includes modified 110 
VAC cord and operation manual. $750 
plus standard shipping, call for rate, 734- 
961-7915. Will ship worldwide. 


FOR SALE: Radio Record Players. Tapes. 
Wire. Reel To Reel TIAC NIB Cassets. 
Beautiful consoles. Kiel table. Philco 37 
690. German radio/rp chairsides Call 
Howard 301-320-3028 

FOR SALE: RAS-3 coils, numbers 1 to 7, 
but no #4. Rudy, W2ZIA, 716-374-5285 

FOR SALE: Hallicrafters SX115 new VFO 
dial overlays. Make your dial like new. $25. 
Mark, Phone: 330-658-5035, 
WBOIQK @ ARRL.NET 

CRYSTALS FOR SALE: FT-243, HC-6U 
Drake Collins etc. http:/Awww.af4k.com 
Brian, AF4K, TEL: 321-262-5471 


FOR SALE: | repair antique radio & stereos 
from 1920s to present day. Free estimates- 
| am located in Wisconsin Dells, WI. Bill 
Kalcik 608-253-9855 


FOR SALE: Heathkit DX-100 front panels. 
Brand new, color matched & silk- 
screened. Picture available. $90.00 + 
shipping. Walt Korab, 570-421-8371, 
w3fnz @verizon.net 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


FOR SALE: Military whip antennas, $62 to 
your door. Also AN/GRR5, $295. Bruce 
Beckeney, 5472 Timberway Dr, Presque 
Isle, MI 49777, 989-595-6483, 
bbeckeney @ yahoo.com 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


“for the “ya betes 
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The 2nd Edition of Hollow-State Design has over $0 pages of 
new material and revisions including a new chapter on 
thermatron aster design. This book has everything you 
need to know about the art and science of thermatron design 
and construction, is 287, 8.5 x 11" pages, packed pe 
hundreds of photos, schematics, diagrams, charts, an 


| formulas. Grayson Evans, TA2ZGE/KI7UM has been petege 


since 1962, grew up on thermatrons, spent 40 years in the 
electronics industry, and is bored to death with solid~state! 


NOW Available from the Electric Radio Bookstore! 
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This book has everything you need to 
know about the art and science of 
thermatron design and construction. 
It pulls together thermatron types 
and characteristics, thermatron 
homebrew techniques, and how to 


design audio and RF triode and 


pentode circuits. The book is 233, 8.5 
x 11” pages, packed with hundreds of 
photos, schematics, diagrams, charts, 
and formulas. Grayson Evans, 
TA2ZGE/KJ7UM has been licensed 
since 1962, grew up on thermatrons, 
spent 40 years in the electronics 
industry, and is bored to death with 
solid-state! 


NOW Available from the 
Electric Radio Bookstore! 
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Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1 (With Pilot Light) .................. ; 
Model AB-1M, (With Voltmeter) ...............c0ceeeee $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
PAU DCT AS cdc oSu cd Nese dude Couee eat eT Lease teen +s esvonsececs $44.95 
Shipping, each limiter ............sscccccsssscocssseses $7.00 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a gentle, slow startup for 
your valuable vintage radio equipment. They also reduce 
the line voltage closer to original design values due to the 
voltage drop across the limiter element. AB-1 and AB- 
1M are 150W. All models come with a full money-back 


guarantee. Electric Radio Store 
720-924-0171 


ZIM ELECTRONICS INRUSH resin el LIMITERS 


Metered Tetack Limiter, 
Models AB-1M, AB-300M 


FOR SALE OR Best Offer: Immaculate 
Tektronix 422 portable, dual-channel 
scope with dual 10/1 probes and inst- 
disc, no batteries- $295. Beautiful Art- 
Deco National NC-240D ham, BC, SW 
bands with matching 9x15 speaker, inst. 
book, and installed ESP digital readout- 
$475. Henry’s first synthesized 2 meter 
HT in orig. box, works-$29. Inline coax 
1KW 2-channel remote antenna switching 
system tye 105 up to 180 kHz-$35. GenRad 
type 330 precision Lab LP filter, 1khz at 
600 ohms-$29. Portable Magellan GPS 
w/accessories, booklet, not much used - 
$25. Technipower MC-38 reg.PS 38v out 
@ 125 ma. 105-135v input $25.Miller LP 
RF filter,1.8- 41 mhz,1 KW- $25. Four 
stage IF amp. type AM-194U, 100 db gain 
@12 MHz, 150 MHz BW @6 db down, w/ 
schematic-$35. Tubes: most with ceramic 
sockets and some with plate caps or heat 
caps, call for pricing: 801, 802, 805, 807, 
808, 809, 813, 814, 874, 586, HF-200, DV- 
2A2, UX-CV-11, WE-107F, WE-355A (for 
display), large UX-860 w/booklet. Robert 
B. Enemark, W1EC, 15820 White Orchid 
Lane, Ft. Myers, FL 33908 239-437-4490 


FOR SALE: ATAS Antenna Reparr. If yours 
died, I'll fix it. Inexpensive repair - factory 
doesn’t work on ‘em. Tom, W@EAG, 
daileyservices @ qwest.net 303-455-0889 
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FOR SALE: Johnson 500 completely 
restored, new face, power supply and RF 
deck cases repainted, just beautiful. 
$6,000 Chuck Hurley, K1TLI, 508-965- 
7400 


FOR SALE: BC-610-I, BC-614, and 
accessories to operate three bands, 
$1,200. Pick up only in Mesa, AZ. George 
Portell, 3212 N 83 St, Mesa, AZ 480-986- 
5797 w8qbg @ yahoo.com 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John H. 
Walker Jr., 138406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KDO@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign @ yahoo.com 
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@ 
Estes Auctions 
Specializing in Vintage Radios 
Complete Auction & Appraisal Service 


ESTES AUCTIONS 
7404 Ryan Road, Medina, Ohio 44256 
Ph: 330-769-4992 @ Toll Free: 888-769-4992 @ Fax: 330-769-4116. 
www.estesauctions.com @ Email: estesauctions@aol.com __, 


Richard Estes, Auctioneer--Radio Call Sign K8LRY 
Call Us to Sell One Radio or Your Entire Collection! 


We offer pick up service for your collection 


FOR SALE: Quality reprints for Ameco, 
Clegg, Collins, Gonset, Hallicrafters, 
Hammarlund, Johnson, National, WRL, 
and others. Poh Ken, 
www.RadioReprints.com. 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N9OO, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill. riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
208-0124). “Dayton GOs © shtp.s 
TomsAntiqueRadioRepair.com 


FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 
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Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 4581 7- 
0125. 419-358-7851 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaiedp @yahoo.com 


SERVICE FOR SALE: Authorized repairs 
and sales of all types of amateur radio, 
communications, and test equipment. 
Please call Land Air Communications, 
718-847-3090, visit our web site: 
www.landaircom.com. We have over 
3,000 items in inventory and carry all types 
of communications parts. 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 
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EZHang,CodeE. 
32 Princess Gillian Court 
Fredericksburg, VA 22406 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
| EZ Te SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. (We now have 10,000 satisfied customers 
around the world.) The EZ Hang comes with a one 


www.ezhang.com 


Call Today! 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KD@ZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4ANYW, 
navy.radio @ gmail.com 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


WANTED: Decent RBB-RBC and TCS for 
USS Wisconsin floating museum N4WIS. 
Bill Mellema, NSWM, n3wm @ yahoo.com 
410-790-6072 


WANTED: Radio Shack catalogs 1954, 
#964)''1965, 1972, 1973.°FOR SALE/ 
TRADE: old Allied, Lafayette, BA, Heathkit, 
Walter Ashe, Cameradio and other radio 
catalogs. NI4Q, POB 690098, Orlando, 
ae 32869. 407-351-5536, 
ni4q@juno.com 


WANTED: Johnson Cat. No. 250-40 
Speech Amplifier/Screen Modulator for 
the “Adventurer” Transmitter. Dale, 
W8SHR, 330-898-8215 


WANTED: 250-500W modulation reactor 
for AM transmitter. Ideally good for 275mA 
2500V, but have wiggle room. Chris 
KC9IEQ@yahoo.com 815-508-1212 


Electric Radio #310 


year limited warranty. 


540-286-0176 


WANTED: ARC-5 transmitter racks MT 
69, Zi... 73; -7 SoeeestevennkKke DKiy 
skeller53@ gmail.com, 718-405-8378 


WANTED: Mosley CM-1 receiver with nice 
cosmetics and the matching CMS-1 
speaker if possible. Thank You! Joe, 
KBOR, jeide@execpc.com or 715-834- 
4582 


WANTED: Capacitor 4MFD @1000VDC. 
Similar to GE#28F738. For Harris RF- 
301. Corky W6ORS, 270 Kapualani, Hilo 
HI 96720. CEK270A@CS.COM 808-959- 
3888 


WANTED: HRO-60 or HRO-50 crystal filter 
module, any condition. Lee, WB6SSW 
310-770-1945 leecraner@aol.com 


WANTED: National NC-173 Receiver. 
Archie, 321-267-8918, or 
wnsdhi @cfl.rr.com 


WANTED: Info on UHF Transmitter- 
Receiver Type PF-3, 56-60 mc, by Haigis 
kaboraiones,: of ONid.)Bill,,..N9O TE, 
smithw @iquest.net, 317-861-5529 


WANTED: 1*or 2™ edition of “Shortwave 
Receivers Past and Present. Also an 
audio oscillator. Jesus Moreno, 634 15" 
St, Douglas, AZ 85607 520-364-3127 


WANTED: Base plate for Bretting 14 
receiver. Frank, 541-479-7935, 
wa6rbq @ aol.com 
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JOIN THE AWA — Antique Wireless Association 


THE ORIGINAL AND LARGEST HISTORICAL RADIO-COLLECTOR GROUP 


e Publishes the quarterly AWA Journal with: 


- Free want-sell-swap ads 

- Farly television 

- Horn loudspeaker 

- News of U.S. & foreign clubs 


e Produces the famous 


- Battery & AC receiver restoration annual Rochester Meet 


- Vacuum-tube history & collecting 
- Old-time amateur-radio contests 
- Communications receivers 


e Maintains unique 
radio-TV museum 


oF 


V ail 
W. 


. Membership is only $35/year in U.S.; $40 elsewhere. 
AWA} 


Mail check to: AWA Membership, P.O. Box 421, Dept. ER, Bloomfield, NY 14469-0421 
awamembership@rochester.rr.com (585) 257-5119 http://www.antiquewireless.org 


WANTED: Heathkit GR-53A and ES-100 
Heathkit manuals, reasonably priced. 
Craig, 570-341-5012, Ask for Craig. 


WANTED: BFO Oscillator transformer, T- 
11, for Drake R4B and late R4A. Don, 
W5FFK, 620-205-0411, or email: 
w5ffk @ sbcglobal.net 


Eee 


Electric Radio Custom 

Coffee Mugs! 

These coffee mugs are nice custom- 

made, 11-ounce white-ceramic mugs 

with the Electric Radio logo in 4 

colors and your name and call sign 

in large letters below the bottom 

border. These are printed in 6 colors. 

They are microwave and dishwasher 

safe! Call for ordering at: 

720-924-0171 

Shipped by UPS... xo une. $22.00 

Or on the Internet: 
www.ERmag.com 
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WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: Teletype model 12 machine, 
manuals and parts, SP-600 main tuning 
and phasing knobs. Steve W6SSP, Santa 
Rosa, CA. 707-544-8142 
zarco @sonic.net 


WANTED: Hallicrafters SX-99 in mint or 
near-mint condition. Ron Henderson, 
K3NFS, 724-736-4464 


WANTED: Any Mackay or Debeg 3000- 
series LF receiver, clean and unmodified 
preferred. Rich Parker KB2DMD, 1205 
Sleepy Hollow Rd. Pennsburg, PA 18073. 
215-541-1099 


WANTED: Need HRO Senior coils (black 
wrinkle finish) to complete a restoration. 
Need coils A (14-30 Mc), B (7-14.4 Mc) C 
(3.5 to 7.4 Mc) D (1.7 -5 Mc) and S (.48 to 
96 Mc). Coils are marked by frequency 
range. Rudy, W2ZIA, 716-374-5285 


WANTED: Meter for Western Electric tube 
tester model KS-5727-L1. t Walter, 718- 
456-1988 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
brianharrison@ embarqmail.com 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, nq5t @tx.rr.com, 214-629- 
8759 
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WANTED: National XCU-303 Calibrator. 
Cash or Trade. Mike, KOAZ, email: 
kOaz@centurytel.net or phone 417-466- 
0401 


WANTED: Mackay Radio Type 3001A LF 
receiver, clean and unmodified preferred. 
Rich Parker, KB2DMD, 1205 Sleepy 
Hollow Rd, Pennsburg, PA 18073, 215- 
541-1099 


WANTED: Hallicrafters SX-96 rcvr, good 
working condition, VG to exc cabinet & 
front panel, no mods, original knobs, none 
missing. Al D’Amico 37 Baynes Ave 
Buffalo NY 14213 716-861-4289 or 716- 
598-5205 


WANTED: Manual-Schematic VLF loop 
coupling unit NT-47367 CNM-47367 
NAVSHIP POB #900-505. For use with 
VLF Loop CNM 66097 or NT-66097. Harry 
Weber, 4845 W 107TH ST, Oak Lawn IL 
60453 


WANTED: CY-4880/PRC-74 “D” cell 
battery box, any condition or parts needed. 
Please contact Tom, KJ7AV, 585-730- 
4689 


WANTED: Your old 50’s and 60’s CQ and 
QST’s. Hardcopy only (no digital). Nothing 
to read over here! | will cover USPS priority 
shipping to Turkey + your selling price. 
Grayson, TA2ZGE, wa4gvm @ gmail.com 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 


WANTED: ARC-5/SCR-274-N_ type 
equipment, connectors, accessories, 
cables, etc. Any condition, single items to 
many OK. Mark, WOPXM, 
mmckeown @tde.com 303-278-3908 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
NiVJ, Hopkinton, RI 401-377-4912 


WANTED: Millen 90881 RF power 
amplifier. Frank, W4FMS, 
w4fms @aol.com, 616-881-1618 
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WANTED: National NTE Exciter to 
complete National 600 Watt Transmitter 
Restoration. Name your price! Brian Harris 
WA5UEK 214-763-5977 
cosmophone @ yahoo.com 


WANTED: Collins Manufactured Tubes 
(ca 1936-1938) Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-300, C-800, C-802, C-830B, 
C-841, C-849, C-852, Water Cooled 
Triodes such as C-207, C-858, etc, Air 
Cooled Rectifiers such as C-249A, C- 
357A, C-866, etc and Water Cooled 
Rectifiers such as C-214, C-237A, etc. 
Jim Stitzinger, WA3CEX, 23800 Via lrana, 
Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: Hammarlund ED-4 
Transmitter. Bob Mattson, W2AMI, 16 Carly 
Dr, Highland, NY 12528. 845- 691-6247 
w2ami @arrl.net 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala @ aol.com 


Exp 9/15 WANTED: Early QSL cards from 
my Grandfather, Hal Smith (SK). His calls 
were KH6KA, K6YJR, K6OQE. Gladly 
reimburse postage plus modest finder’s 
fee! Phil Wilson, 1355 Big Otter Dr, Blue 
Ridge, VA 24064 k6cra @arrl.net 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: PRESS WIRELESS, NY: 
Photos, information wanted on Hicksville, 
Baldwin, Little Neck, Centereach, 
Northville facilities. George Flanagan, 42 
Cygnet Dr., Smithtown, NY 11787 
w2krm @ optonline.net 631-360-9011 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 


March 2015 Sy 


Hammond Modulation Transformers 


feat RV ETRE ERT ERT eT el he Rik eT eT 


New production modulation transform- 
ers have been unavailable for a very long 
time — until now! Electric Radio is offering 
a limited run of genuine high-quality Ham- 
mond modulation transformers that are all- 


new production and are great way to solve a 
big problem with plate modulated AM trans- 
mitters. 

These new transformers have extra sec- 
ondary impedance taps for 3k, 4k, and 5k 
loads, plus, the primary includes a 40% tap 
for push-pull screens! This makes them 
the perfect transformer for any real AM 
project in the low and medium power class. 
They are ideal as a replacement part for 
Viking transmitters with burned out modu- 
lation transformers, or any homebrew trans- 
mitter project with a push-pull output us- 
ing 6AQ5 through 6550s. 

As high-quality transformers, their re- 
sponse is 150 Hz to 15 kHz, + 1 dB maxi- 
mum, at a 1 kHz reference. 


$125.00 each, plus $12.35 for flat-rate 
shipping within the US. 
WWW.ERmag.com 
720-924-0171 


Your Resource for 


Offering Unparalleled Free as wellas.. 


.... Exciting Member Benefits 
World Class 


Signal Magazine 


Visit at collinsradio.org & join the fun 
See our Events Calendar 


Come see what the excitement is about 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military 
Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 
Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 


Licensed atleast 25 years ago 7 
“Since 1985” 


And licensed now ? 


Then you should belong to the 
Quarter Century Wireless Association 


WANTED: For an upcoming article, | need QCWA, Inc. 

the a manual for the Rohde & Schwarz NZ 4 NW 115th Avenue 
10/2 Single Sideband Demodulator. This en: la. FL pias5 1098 
was designed for the EK 07 receiver. Cala, 

Please contact Ray at Electric Radio, 720- USA 

924-0171 or Ray@ERmag.com. Www .qdcwa.org 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 


the world of video. You can instantly access whatever part of the video you want. 


Deewana: KOVY IVI = 2.7. caducus asacsaccachwescesaceanacenvas 4 hours, $89.95 
Collins 75S-3 and 32S -3..............ccccccceees 2 hours, $89.95 
RUNS On oncin dedsh paccceat doscepecsecceckictisecees 1 hour, $39.95 
REC UIINS DOS I oe cs. bce ih cadadacdagdene «cece scedecsesde 1 hour, $39.95 
UOT i ESI CG. ed Ee aa eo oo ee, See 2 hours, $39.95 
ay PIES (7 AM ae eee se cccebtcnaseees 2 hours, $89.95 
RPE taNS: IN= SIDA fo crelieh cn ccescecesecacnSecscscdesees 7 hours, $109.95 
Collins R-390A Addendumn................... 2 hours, $49.95 


Hammarlund SP-600JX...................cecee0e 4 hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 
titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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Keep Your ER Magazines Organi 
Sold in sets, shipped flat, easy to put together, no glue required. 
Each box holds about 12 magazines. 


These boxes are the correct size for many ER-size magazines, 
including Antique Radio Classified, The Old Timer's Bulletin, The 
Tube Collector, or The AWA Journal. 

Set of 10: $11.75 + $10.00 S&H 

Set of 15: $17.25 + $10.50 S&H 

Set of 20: $23.00 + $11.75 S&H 


ER Bookstore, 720-924-0171 
PO Box 242, Bailey Colorado, 80421-0242 


Or order on-line at WWW.ERMAG.COM 


Drake Manuals on CD 


This is a high quality 2-CD set of manuals 
for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 


~ Series 1 + Disk ] 
R.L. Drake Co. 


and others. 


Now all of your Drake service information 
can be in one place and you won't have to 
worry about not having a manual when a 
new piece of equipment enters the shack. 
oe These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, Priority Shipping Included 

Electric Radio 
720-924-0171 or on the Internet: 


www.ERmag.com 


Requirements: 
Any computer with 
Adobe Acobat Reader®. =: 
Performance vill yory 
depending on speed of 
the computer 
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WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc @aol.com 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Military radios vintage, 1952 
and back. Ken Kolthoff, KBAXH, 9420 STE 
RTE T, Amazonia, MO 64421. 913-634- 
3863. 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R-390’s 
&backpacks) & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
backpack specs & photos. W.K. Smith 
44684-083, LSCI Butner — GA, PO Box 
999, Butner, NC 27509-999 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: I’m looking for information 
about Vanguard Electronic Labs of Hollis 
NY. Needed are catalogs, instruction 
sheets, company history, etc. Also want to 
buy a Vanguard/Springfield walkie-talkie. 
Bob Nickels, W9RAN @arrl.net 


WANTED: Please Help! Need a 
modulation transformer for my Johnson 
500. Contact Larry Harrison, K3JRR, 540- 
852-3431, or PO Box 38, Criders, VA 
22820 


WANTED: NOS small illuminated panel 
drive with a slide rule type dial. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612 after 6 PM EST 
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WANTED: “AN/FRR-24 or AN/FRR-37 or 
AN/FRR-10” original Navy pictures and 
Fair Radio sales ads. Also would also like 
to hear from other owners for a possible 
upcoming series of ER articles. Thanks! 
Brian Harrison, KN4R,704-657-8910 
brianharrison @embarqmail.com 


WANTED: National HRO power supply, 
rack-mounted for 6V __ filament; 
Hammarlund Comet “CC” coil set; any 
Utah transmitter, modulator, or custom 
cabinet for such; schematic/info on 
Western Electric Model 15A Police 
Transmitter. Gary, K6EGLH, 209 286-0931 
or k6glh @volcano.net 


WANTED: Lafayette HE-25 Voyager 
Transmitter-any condition. Bob, NV1X, 
802-879-7235, bobzimmer@msn.com 


WANTED: Allied Radio Knight KG-664 0- 
400V power supply in VG condition. Send 
price and photos to 
daveishmael @ cox.net Thank you, Dave, 
WA6VVL 


WANTED: | need information from owners 
of Aircraft Radio Corp. DV-10 or DV-11 
Dynaverters, which are solid state 
replacements for command receiver 
dynamotors, for possible ER article. | 
would also be interested in similar 
replacements used in other equipment. 
Please email me at 
wa2ejt59 @stny.rr.com, or telephone 
before 8:30 PM Eastern Time at 607-754- 
2848. Leave a message and | will return 
your call. Thank you, Joe Long, WA2EJT 


WANTED: One or two 572B tubes in good 
condition. Please advise price and brand. 
Roger, W7KVT, w7kvt@wvi.com 
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— ELECTRIC RADIO BACK ISSUES — 
All Electric Radio back issues are either from the original press run or are lithographic 


reprints from the original negatives on archival quality, acid-free paper. Shipping prices 

are for delivery by media mail within the USA. Overseas, please inquire for shipping 

quotes. The on-line search for back articles is at http://www.radiolabworks.com/ 

ersearch. html 

° Single Issues: $4.00 Each, Postpaid 

* 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.00 S&H 

¢ Special Deal on Any Four Years (Or Any 48 Issues): $110.00 + $8.00 S&H 

¢ Almost all of the back issues of Electric Radio from #1 are available for $450.00 + 
$24.00 S&H, at least a 56% discount the over single-issue price. 

¢ For a postpaid 29-page printed back issue index, please send $3. 


¢ Foreign Customers: Please Inquire for Shipping Rates 


— COMPENDIUMS — 


All of the Collins compendiums are packaged in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and all 
the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 108 pages, $20.00 plus $5.75 
S&H. 
Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages, $45.00 plus 
$6.75 S&H. 
Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages-------------------- 15.00 plus $5.75 S&H 


— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biog- 
raphy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
advertiSinQ. -------------------------------------------- 222-22 n nnn n enna nnn n nnn nen nnn en nnn n nn enenencnes $25.95 - 10% = $23.35 


Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years until 
retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many historic 


photographs and stories from former employees.-------------------------------------------2---20-- $18.95-10% = $17.05 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 
Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 


Heathkit Test Equipment Products: This is Chuck Penson’s (WA7ZZE) companion 

book to his Heathkit Amateur Radio Products book, and it all about Heathkit test equipment 

that continues to be very popular, even many years after Heath’s closing. -------------------- $19.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 


in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 


Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full Color.-------------------------------------------0------------ $36.00 - 10% = $32.50 


Miller’s Collecting Science and Technology: 160 pages of high-quality color photographs from museum 
collections make this hardback volume an excellent introduction to this new collecting field. Written by 
Lindsay Sterling-------------------------------------------------------------------------2-----0---------- $29.95-10% = $26.95 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 
is excellent. --------------------------------------------------------------------- 2-0-2 n on nnn nena nnn nn nnn nn ene ne nnn $24.95 - 10% - $22.45 

The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.----------------------- 
newer annem nn en nnn nnn nn nnn nnn nnn nnn nen nnn enema nnnnnnn nnn nnnnnn enn nnnnnannanan nana nnnnanannnneaaannnmenaaes $25.95-10% = $22.45 


Tube Type Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ................000000000 
Sac oss eg wand caatamentpaalied veseastar Coma aie tae Re ad Wa EARS oie ps mina + clad $29.95-37% = $18.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis -------------------------------------------------- $29.95-10% = $26.95 
Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
informative.--------------------------------------------------- 2292-2 nnn nanan nnn nnn nena nnn nnn nnn nnn nnn nnn nnnnnnn $26.95-10% = $24.25 


NEW! shortwave Receivers Past & Present: This is Fred Osterman’s long-awaited 


4th edition, and is a hardbound, heavy, 800-page masterpiece, more like an encyclo- 
pedia than a mere handbook! Sure to become a classic volume, it contains info on 
over 1,700 receivers from 1942 to 2013, when the book was completed. It includes 
many hard-to-find details about European equipment. _ ------------------------------- $49.95 
The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 


and Poles, mentioning radio communications of the day. ------------------------------------ 22-222 n nnn $13.50 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
wanna nnn nnn nnn nnn enn nn nnn nnn nnn nnn nnn nnn nn nn nnn nnn nnn nn nnn nnn nnn enon ee === $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave's 
popular book. 209 pages of great information especially valuable to radio builders.------- $21.95 - 10% = $19.75 


Ordering Information: 
Hollow State Design, Tube Type Transmitters, and Shortwave Receivers Past and 


Present are heavy and shipping is $6.00 each. 


For other books, please add $5.00 shipping for one book and $1.00 for each addi- 
tional book. Five books are shipped by media mail free to one address. 

Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or by Telephone at 720-924-0171 
Or on the Internet at www.ERmag.com 
Visa, MasterCard and American Express 
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Central Electronics Parts and Repair Support | 


Nick Tusa, K5EF, is pleased to announce the resumption of parts support and radio 
restorations for the entire Central Electronics product line. No matter if your need is a 
160M conversion kit, broadband couplers, AF Filter/Limiter parts, HV capacitors or a 
replacement coil for your rig’s bias/ptt relay, we have the parts to keep your rig on the 
air. 

Need help, but not a full restoration? Worried about shipping a 90-pound desk 
crusher? Don’t fret....we have special test fixtures to service individual plug in modules 
and even the VFO, absent your radio. And we can answer most any parts or service 
question via email or telephone. 

Please visit Our Web paee,. nttp:/ 7 
www.tusaconsulting.com/ce.html for 


latest Central Electronics information and 


pictures of our newest restoration product 
for the 100V Broadband Transmitter: 
replacement meter faceplates. Order one today 
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at our special introductory price and make 
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your 100V look as great as it sounds! 
Contact: Nick Tusa, K5EF 


Telephone: 985-249-6467 
Fax: 985-249-6468 


Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used with the permission of Classic 
Radio). The T-shirts are 100% cotton and come in Small, Large, X- 
Large, XX-Large. The color is slightly lighter than the cover of ER. 
$17.00 delivered, $18.00 for XXL. (Medium Available by Special 
Order) 
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Subscription Information 
Published Monthly 


The monthly Electric Radio mailing date is posted at www.ermag.com 
Rates within the US: 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada: US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Saturday 

Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 

Visa, Mastercard and American Express 


email: Ray@ERmag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel 


all-cotton style with an adjustable 
rear headband and a 3-inch front 
brim. The background color is 
khaki, and: the ER ‘logo, 46 
embroidered in 4 colors, not 
printed. These hats will hold up 


for a long time. 


$22.95 Shipped Priority 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
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Goo Ohm Monaural 


CIiassic Radio headset. 


Now enjoy the rich audio of 
your vintage receiver with a 
professional quality headset 


built just for you. 
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see our user reviews at: 


ei iaanrr.._rIaeet 
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